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DATA CLASSIFICATION 


Product Preview 


This heading on a data sheet indicates that the device is in the formative 
stages or in design (under development). The disclaimer at the bottom 
of the first page reads: ‘‘This document contains information on a product 
under development. Motorola reserves the right to change or discontinue 
this product without notice.” . 


Advance Information 


This heading on a data sheet indicates that the device is in sampling, pre- 
production, or first production stages. The disclaimer at the bottom of 
the first page reads: ‘This document contains information on a new 
product. Specifications and information herein are subject to change with- 
out notice.” 


Fully Released 


A fully released data sheet contains neither a classificaiton heading nor 
a disclaimer at the bottom of the first page. This document contains 
information on a product in full production. Guaranteed limits will not be 
changed without written notice to your local Motorola Semiconductor 
Sales Office. 
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This book presents technical data for the broad line of High-Speed 
Logic integrated circuits. Complete specifications are provided in the 
form of data sheets. In addition, a comprehensive Function Selector 
Guide and a Design Considerations chapter have been included to 
familiarize the user with these logic circuits. 

Motorola reserves the right to make changes without further 
notice to any products herein to improve reliability, function or 
design. Motorola does not assume any liability arising out of the 
application or use of any product or circuit described herein; neither 
does it convey any license under its patent rights nor the rights of 
others. Motorola products are not authorized for use as compo- 
nents in life support devices or systems intended for surgical 
implant into the body or intended to support or sustain life. Buyer 
agrees to notify Motorola if any such intended end use whereupon 
Motorola shall determine availability and suitability of its product 
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ment Opportunity/Affirmative Action Employer. 
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~ Device Number Page 
MC54/MC74 — _ Function Number 
HCOOA | Quad 2-Input NAND Gate. 2c. ic scien iis dente See ee eden ene ebee ee 5-2 
HCO2A Ouad:2-Input NOR Gate > 62344044 Ja nae hel eisai eerie kee 5-5 
HC03 Quad 2-Input NAND Gate with Open-Drain Outputs .................4. 5-8 
HCO3A Quad 2-Input NAND Gate with Open-Drain Outputs ................5. * 
HC04 PIOX VOLO 2 eee csceet ga sonar ota pren ne eee erat cue oe ae ads ae 5-12 
HCO4A HOX-INVEMCl ..c5c50 ose Suan ions Meee eae ees che aaa as 5-15 
HCTO4A Hex Inverter with LSTTL-Compatible Inputs ................000000 0 5-18 
HCU04 rex Unbuffered |nverter isso catenin cerita tani Kanbineuite 5-21 
HCO8A Quad 2-InputrAND Gate: < vic05cs cotenes neue Gees Wow eeee eae Pee es 5-25 
HC10 Triple 3-Input NAND  Gaté ics oc i kai ira wa tin pelea ens Os ee aa ee ew ewes 5-28 
HC11 Triple 3-Input AND Gate................. ie Gaara Ate mce eave era le eae 5-31 
HC14A Hex Schmitt-Trigger Inverter... . 0.0... cc ccc eee eee eee ena 5-34 
HC20 Dual 4-Input NAND Gates iicicioe eeeis wees ea Peewee eas 5-38 
HC27 Triple 3-Input NOR Gate.......... Gita ease ah Ee ae a PRE as 5-41 
HC30 S-lnput NAND Gates onc cs0 ci gine ee et See teda edie sd oot eens 5-44 
HC32A Ouiad 2-Inbut OR Gates «siwactcgastetcneenti eins pa ei eseeaeas 5-47 
HC42 TOF 1O1DECOdGR 240.4. ree case tec ador eres eetae ena as has 5-50 
HC51 2-Wide, 2-Input/2-Wide, 3-Input AND-NOR Gates...............00e0ee 5-54 
HC58 2-Wide, 2-Input/2-Wide, 3-Input AND-OR Gates ...............00 eee 5-57 
HC73 Dual J-K Flip-Flop with Reset......... 00: cece cece eee eens 1... 5-60 
HC74A Dual D Flip-Flop with Set and Reset... .... 0... ccc cee eee eee eee 5-64 
HCT74A Dual D Flip-Flop with Set and Reset with LSTTL-Compatible Inputs..... * 
HC75 Dual 2-Bit Transparent Latch ........ 0... cece e ect tee eee een eens 5-68 
HC76 Dual J-K Flip-Flop with Set and Reset ......... 0.0. cece eee eee renee 5-72 
HC85_ 4-Bit Magnitude Comparator ......... at Shae eae Oe oe ae hea 5-76 
HC86 Quad 2-Input Exclusive OR Gate ........ cc cece ees 5-82 
HC107 Dual J-K Flip-Flop with Reset... ....... 0.00 c eee eee eee eee ees 5-85 
HC109 Dual J-K Flip-Flop with Set and Reset ............0c cece ee eeee eSoGs: 5-89 
HC112 Dual J-K Flip-Flop with Set and Reset ............0..0e ee eeee eicare ee 5-93 
HC113 Dual J-K Flip-Flop with Set..... 0.0... cece cece e eee eee e een eenees 5-97 
HC123A Dual Retriggerable Monostable Multivibrator with Reset .............. * 
HC125A Quad 3-State Noninverting Buffer. .......... 0... cece eee eee 5-101 
HC126A Quad 3-State Noninverting Buffer.............. eee eee eee eee 5-101 
HC132A Quad 2-Input NAND Gate with Schmitt-Trigger Inputs ................ 5-105 
HC133 13-Input NAND Gate cidade aniston bens hea nied wewdwntas 5-109 
HC137 1-of-8 Decoder/Demultiplexer with Address Latch ...............00005 5-112 
HC138A 1-of-8 Decoder/Demultiplexer. ... 0... cc eee eet 5-117 

-HCT138A 1-of-8 Decoder/Demultiplexer with LSTTL- Compatible Inputs .......... * 
HC139A Dual 1-of-4 Decoder/Demultiplexer . sla apis ae etches onataeans hea ar oeua ee urs 5-121 
HC147 Decimal-i0-BCD Encoderis siicc ki sis6e ee Sneed babies eekweaes Sees 5-125 
HC151 -8-Input Date Selector/Multiplexer ..... 0.0... . ccc eee eee 5-129 
HC153 3 Dual 4-Input Data Selector/Multiplexer.. 1.0.0... 0.0. cece eee ee ees 5-134 
HC154 1-of-16 Decoder/Demultiplexer.... 0... 0.0... cc ee eee ees 5-138 
HC157A Quad 2-Input Data Selector/Multiplexer........ 0... ccc eee eee 5-143 
HC158 Quad 2-Input Inverting Data Selector/Multiplexer.......... 0.0 eaee 5-147 
HC158A Quad 2-Input Inverting Data Selector/Multiplexer........... 0:0 ee eee * 


*Contact Factory for Data Sheet. 
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Device Number Page 1 
MC54/MC74 Function Number 
HC160 Presettable BCD Counter with Asynchronous Reset..............8. ye. 5-151 
HC161 Presettable 4-Bit Binary Counter with Asynchronous Reset............ 5-151 
HC162 Presettable BCD Counter with Synchronous Reset...............00005 5-151 
HC163 Presettable 4-Bit Binary Counter with Synchronous Reset ............. 5-151 
HC164 8-Bit Serial-Input/Parallel-Output Shift Register. ........ 0.0.0... 0c eee ee 5-165 
HC165 8-Bit Serial- or Parallel-Input/Serial-Output Shift Register.............. 5-170 
HC173 Quad 3-State D Flip-Flop with Common Clock and Reset.............. 5-176 
HC174 Hex D Flip-Flop with Common Clock and Reset.............0000eeeee 5-181 
HC175 Quad D Flip-Flop with Common Clock and Reset..............2200005 5-185 
HC194 4-Bit Bidirectional Universal Shift Register .......... 0.0.00 cee eee ees 5-190 
HC195 4-Bit Universal Shift Register........ 0.0... ccc cece eee eee eens 5-196 
HC237 1-of-8 Decoder/Demultiplexer with Address Latch ............000000es 5-202 
HC240A Octal 3-State Inverting Buffer/Line Driver/Line Receiver ............... 5-207 
HCT240A Octal 3-State Inverting Buffer/Line Driver/Line Receiver with , 

LST 1-Compatible: Inputs: ...os ish seabed bededatnva ce ae ea wwe Be 5-211 
HC241A Octal 3-State Noninverting Buffer/Line Driver/Line Receiver............ 5-215 
HCT241A Octal 3-State Noninverting Buffer/Line Driver/Line Receiver with 

Lo) LU-Compatible Inputs. sic sauk stand de eed aa iene shee heen 5-219 
HC242 Quad 3-State Inverting Bus Transceiver........... 0. ccc eee tees 5-223 
HC244A Octal 3-State Noninverting Buffer/Line Driver/Line Receiver............ 5-228 
HCT244A Octal 3-State Noninverting Buffer/Line Driver/Line Receiver with 

LSTTL-Compatible Inputs ...... 0.0... ccc eee eee eee eens 5-232 
HC245A Octal 3-State Noninverting Bus Transceiver .......... 0.00 cece eee 5-236 
HCT245 Octal 3-State Noninverting Bus Transceiver with LSTTL-Compatible 

NUNS ceceiardesact ates aca ede Beek nuit) aeenatin Gace aan Basa aeuead em Renee an 5-240 
HC251 8-Input Data Selector/Multiplexer with 3-State Outputs................ 5-244 
HC253 Dual 4-Input Data Selector/Multiplexer with 3-State Outputs ........... 5-249 
HC257 Quad 2-Input Data Selector/Multiplexer with 3-State Outputs .......... 5-253 
HC259 8-Bit Addressable Latch/1-of-8 Decoder ........... 0... cece ee eee 5-258 
HC273 - Octal D Flip-Flop with Common Clock and Reset..................0-. 5-263 
HC280 9-Bit Odd/Even Parity Generator/Checker.......... 0. cc cece eee eee 5-268 
HC299 8-Bit Bidirectional Universal Shift Register with Parallel I/O......... -... 5-273 
HC354 8-Input Data Selector/Multiplexer with Data and Address Latches and 

3-State Outputs............00008 He eaatemabe henry eh e-waee ae eachee: 5-280 
HC365 Hex 3-State Noninverting Buffer with Common Enables............... 5-286 
HC366 Hex 3-State Inverting Buffer with Common Enables ..............0.55 5-290 
HC367 Hex 3-State Noninverting Buffer with Separate 2-Bit and 4-Bit Sections ... 5-294 
HC368 Hex 3-State Inverting Buffer with Separate 2-Bit and 4-Bit Sections..... 5-298 
HC373 Octal 3-State Noninverting Transparent Latch........... 000 c eee eee 5-302 
HCT373A Octal 3-State Noninverting Transparent Latch with 

EST E-Compatibie: Inputs «3424440 a cat-ve doa dhe eda ee ea 5-306 
HC374 Octal 3-State Noninverting D Flip-Flop. ......... 0... ccc eee ee eee 5-310 
HCT374A Octal 3-State Noninverting D Flip-Flop with LSTTL-Compatible Inputs... 5-314 
HC386 Quad 2-Input Exclusive OR Gate........ cece eee eee 5-318 
HC390 Dual 4-Stage Binary Ripple Counter with +2 and +5 Sections......... 5-321 

~ HC393 Dual 4-Stage Binary Ripple Counter............ ccc cece eee eens ae. 5-327 

HC533 Octal 3-State Inverting Transparent Latch ........... 00 cee eee eee eres 5-332 
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Device Number Page 
MC54/MC74 Function Number 
HCT533 Octal 3-State Inverting Transparent Latch with LSTTL-Compatible 
WAU Sa ceca acs toe oie eos ek eee ee eure se Aes Pewee rr 5-336 
HC534 Octal 3-State Inverting D Flip-FLop...........0eceeeeaee Meehan ke ares 5-340 
HCT534 Octal 3-State Inverting D Flip-Flop with LSTTL-Compatible Inputs ...... 5-344 
4C540 Octal 3-State Inverting Buffer/Line Driver/Line Receiver ............... 5-348 
HCT540 Octal 3-State Inverting Buffer/Line Driver/Line Receiver with 
Lor T-Compatibie INDUS). .4.ig dedi Sa he een Wg aa ws 5-352 
HC541 Octal 3-State Noninverting Buffer/Line Driver/Line Receiver............ 5-356 
HCT541 Octal 3-State Noninverting Buffer/Line Driver/Line Receiver with | 
LSTTL-Compatible Inputs ..............0000: iia itera ne ain cae ese 5-360 
HC563 Octal 3-State Inverting Transparent Latch .......... 0... c cee eee eee 5-364 
HC564 Octal 3-State Inverting D Flip-Flop ......... 0c cece eee eee eee 5-369 
HC573 Octal 3-State Noninverting Transparent Latch.............0. cece eee 5-374 
HC574 Octal 3-State Noninverting D FIip-FlOp....... eee ees 5-379 
HC589 8-Bit Serial- or Parallel- -Input/Serial- -Output Shift Register with 
S-otate Ouiputss + < 2224 244dunvs See eee ki ae eee ene ame Wea 5-384 
HC595A 8-Bit Serial-Input/Serial- or Parallel- -Output Shift Register with 
Latched 3-State Outputs ...... 0... ccc ccc eee eee eet ee eeete ss 59392 
HC597 8-Bit Serial- or Parallel-Input/Serial-Output Shift Register with 
Input Latch....... by ace ica inve ash ametreriarardieas Alec es eh tine, Bie absence ea eka a ae 5-399 
HC640A Octal 3-State Inverting Bus Transceiver ........... cece eee eee eens 5-406 
HCT640 Octal 3-State Inverting Bus Transceiver with LSTTL-Compatible 
INDUS 43 04.50 c a4 ee ee tte coverdee Orbea dad bee ea aa da ae eee ewe 5-410 
~HC646 Octal 3-State Noninverting Bus Transceiver and D Flip-Flop ........... 5-414 
HC648 Octal 3-State Inverting Bus Transceiver and D Flip-Flop............... 5-414 
HC688 S-Bit Equality Comparator ens.co 0s ices oooh data ee nlandaawtee swans 5-425 
HC4002 Dual-4-Input: NOR Gate <« sa.c2s.crierinsi tcaiwe eeuendstin eed cnee bavus 5-429 
HC4016 Quad Analog Switch/Multiplexer/Demultiplexer ...........000e eee eees 5-432 
HC4017 Decade Counters i. Sis waxed eh dheay Gewtend aun ae ee ene eee 5-441 
HC4020 14-Stage Binary Ripple Counter. .......... 00: eee eee eee 5-449 
HC4024 7-Stage Binary Ripple Counter. ......... 0. ce eee eee ee eee tte eees 5-454 
HC4040 12-Stage: Binary Ripple COunteMis.sscetitie ew seed deters esa teu eas 5-459 
HC4049 Hex Inverting Buffer/Logic-Level Down Converter ..........00eeeeeaes 5-464 
HC4050 Hex Noninverting Buffer/Logic-Level Down Converter..............4.. 5-464 
HC4051 8-Channel Analog Multiplexer/Demultiplexer .......... 00. c eee ee eae 5-468 
HC4052 Dual 4-Channel Analog Multiplexer/Demultiplexer.......... 000 eee eee 5-468 
HC4053 Triple 2-Channel Analog Multiplexer/Demultiplexer............0 0c eee 5-468 
HC4060 14-Stage Binary Ripple Counter with Oscillator .......... 0... cee eee 5-480 
HC4066 Quad Analog Switch/Multiplexer/Demultiplexer...........00 cence anes 5-488 
HC4075 ‘Triples Input OR: Gatevcci6.5.c4 6a a a a Se rea ee Be ead aS 5-497 
HC4078 S-Input NOR/OR, Gales: tie october ese be sue esas Sw ae seeds wees 5-500 
HC4316 Quad Analog Switch/Multiplexer/Demultiplexer with Separate Analog 
and Digital Power SupplieS...........0 ccc cece eee e renee eeeeenee 5-504 
HC4351 8-Channel Analog Multiplexer/Demultiplexer with Address Latch....... 5-513 
HC4352 Dual 4-Channel Analog Multiplexer/Demultiplexer with Address Latch .. 5-513 
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Device Number Page 
MC54/MC74 Function Number 
HC4353 Triple 2-Channel Analog Multiplexer/Demultiplexer with 

POGIESS LAICh c.5 hua ies hte cies olds. s aus han eee ee ued -. 5-513 
HC4511 BCD-to-Seven-Segment Latch/Decoder/Display Driver................. 5-525 
HC4514 1-of-16 Decoder/Demultiplexer with Address Latch ................0.. 5-532 
HC4538 Dual Precision Monostable Multivibrator (Retriggerable, Resettable) .... 5-539 
HC7266 Quad 2-Input Exclusive NOR Gate............. 0c cece eee cence en eeae 5-549 
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GateSicus sre tswtdistataiwawevetays's 270 
Schmitt Triggers ...........0.ee eee 2-14 
Bus Transceivers. ........cecce eee: 2-15 
*LAlCNGS . .s4 ded eaton Petieybsaaestan 2-17 
FliD-FIODS 2634s cw eurveeteaaddoeiten 2-19 
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COUNTEIS 6.6052.c5000a 2cndetat ened ian 2-38 
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Device 
Number 


MC54/MC74 


HC125A 
HC126A 


HC240A 


HCT240A 


HC241A 
HCT241A 


HC242 
HC244A 


HCT244A 


HC245A 
HCT245 


HC365 


HC366 
HC367 


HC368 


HC540 
HCT540 


HC541 


HCT541 


HC640A 
HCT640 


HC4049 
HC4050 


BUFFERS/INVERTERS 


Hex Inverter 

Hex inverter 

Hex Inverter with LSTTL-Compatible Inputs 
Hex Unbuffered Inverter 

Hex Schmitt-Trigger Inverter 


Quad 3-State Noninverting Buffer 

Quad 3-State Noninverting Buffer 

Octal 3-State inverting Buffer/Line Driver/Line Receiver 

Octal 3-State Inverting Buffer/Line Driver/Line Receiver 
with LSTTL-Compatible Inputs 


Octal 3-State Noninverting Buffer/Line Driver/Line 
Receiver 

Octal 3-State Noninverting Buffer/Line Driver/Line 
Receiver with LSTTL-Compatible Inputs 

Quad 3-State Inverting Bus Transceiver 

Octal 3-State Noninverting Buffer/Line Driver/Line 
Receiver 

Octal 3-State Noninverting Buffer/Line Driver/Line 
Receiver with LSTTL-Compatible Inputs 


Octal 3-State Noninverting Bus Transceiver 

Octal 3-State Noninverting Bus Transceiver with 
LSTTL-Compatible Inputs 

Hex 3-State Noninverting Buffer with Common Enables 

Hex 3-State inverting Buffer with Common Enables 

Hex 3-State Noninverting Buffer with Separate 2-Bit and 
4-Bit Sections 


Hex 3-State Inverting Buffer with Separate 2-Bit and 
4-Bit Sections . 

Octal 3-State Inverting Buffer/Line Driver/Line Receiver 

Octal 3-State Inverting Buffer/Line Driver/Line Receiver 
with LSTTL-Compatible Inputs 

Octal 3-State Noninverting Buffer/Line Driver/Line 
Receiver 

Octal 3-State Noninverting Buffer/Line Driver/Line 
Receiver with LSTTL-Compatible Inputs 


Octal 3-State Inverting Bus Transceiver 

Octal 3-State Inverting Bus Transceiver with 
LSTTL-Compatible Inputs 

Hex Inverting Buffer/Logic-Level Down Converter 

Hex Noninverting Buffer/Logic-Level Down Converter 


Functional 
Equivalent 
LSTTL 
Device 
54/74 


LS125,LS125A 
LS126,LS126A 
LS240 
LS240 


LS245 
LS245 


LS365,LS365A 


LS366,LS366A 
LS367,LS367A 


LS368,LS368A 


LS540 
LS540 


LS541 


LS541 


Functional 
Equivalent 
CMOS 
Device 
MC1XXXX 
or CDXXXX 
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Direct Pin | 


Compatibility 


LS/CMOS 
LS/CMOS 
LS/CMOS 
LS/CMOS 
LS/CMOS 





BUFFERS/INVERTERS (Continued) 


HC Devices Have CMOS-Compatible Inputs. HCT Devices Have LSTTL-Compatible Inputs. 


HC HC HC HC 
Device HCT HCT HCT HCT 
Pa A =a A ie iA ee A 


# f#Pins i 


Quad Device 

Hex Device 

Octal Device 
Nine-Wide Device 





Noninverting Outputs 
gab adie Outputs 


a 


Schmitt Trigger 


3-State Outputs 
Open-Drain Outputs 
Common Output Enables 
Active-Low Output Enables 
Active-High Output Enables 
Separate 4-Bit Sections 


Separate 2-Bit and 4-Bit Sections aNRARBEOE 


Transceiver 
Direction Control 


[Logic-evel Down Converter | | TT CE 
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BUFFERS/INVERTERS (Continued) 


HC Devices Have CMOS-Compatible Inputs. HCT Devices Have LSTTL-Compatible Inputs. 


Quad Device 

Hex Device 

Octal Device 
Nine-Wide Device 


Noninverting Outputs 
estes Outputs 


[Single Stage (unbuffered TTT 





[SchmittTrigger 


3-State Outputs 

Open-Drain Outputs 

Common Output Enables 
Active-Low Output Enables 
Active-High Output Enables 
Separate 4-Bit Sections 

Separate 2-Bit and 4-Bit Sections 


Transceiver 
Direction Control | 


Logic-Level Down Converter 





HC Devices Have CMOS-Compatible inputs. 
HCT Devices ee LSTTL-Compatible Inputs. 


Device HC Hc | 
| 4049 | 4050 


faring Tt 


Quad Device 
Hex Device 
Octal Device 
Nine-Wide Device 
Noninverting Outputs 
Inverting Outputs 
Single Stage (unbuffered) ae: eee 
Schmitt Trigger a aa 


3-State Outputs 

Open-Drain Outputs 

Common Output Enables 
Active-Low Output Enables 
Active-High Output Enables 
Separate 4-Bit Sections 

Separate 2-Bit and 4-Bit Sections 


| Transceiver 
Direction Control 


Logic-Level Down Converter | 6 | eo | 
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13 12 
AG ¥6 13 12 
AG 6 
PIN 14=Ver 
PIN 14=V 
PIN 7 = GND PIN 7=GND 


HC125A HC126A 


PIN 14=Ver PIN 14=Vec 
PIN 7 =GND PIN 7 = GNO 


HC240A HC241A 
HCT240A HCT241A 


INVERTING 
DATA NONINVERTING 


INPUTS OUTPUTS DATA 
INPUTS OUTPUTS 


PIN 10 = GND 


ENABLES | ENABLE B 2 ENABLES 


ENABLE A : he 
OUTPUT PIN 20=Vcr 
{ OUTPUT ee A PIN 20=Vec 


ENABLE B PIN 10=GND 
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BUFFERS/INVERTERS (Continued) 


HC244A 
~HCT244A 


DATA NONINVERTING 
INPUTS . OUTPUTS 


or { A-TO-B ENABLE 
ENABLES { 5.10.a ENABLE 


PIN 14=Vec 
PIN 7 = GND 1 
PINS 2, 12=NO CONNECTION OUTPUT { ENABLE A PIN 20=Voc 


ENABLES } enapte a —2 PIN 10 = GND 


HC245A 


PIN 20=Vec QUTPUT ENABLE 1 : PIN 16=Voc 
PIN 10 = GND OUTPUT ENABLE 2 PIN 8 = GND 


OUTPUT ENABLE 1 +3 PIN 16=Vec OUTPUT ENABLE 1 
OUTPUT ENABLE 2 PIN 8= GND PIN 16= Voc 
OUTPUT ENABLE 2 PIN 8 = GND 
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HC368 HC540 
HCT540 
2 18 
Al Bas O Y1 
YO 
3 17 
1 
4 16 
Y2 
ua Eats 15 
O) 
¥3 DATA INVERTING 
INPUTS 6 14 OUTPUTS 
AS tS O Y5 
AG ess O vg 
7 CA, 
AT SS ° Y7 
9 ) | 
OUTPUT ENABLE 1 A8 a), O 8 
Sine OUTPUT i 
OUTPUT ENABLE 2 PIN 8 =GND 0E1 O 
ENABLES {a e SS PIN 20=Vec 
19 PIN 10 = GND 


HC640A 
HCT640 


DATA NONINVERTING 
INPUTS OUTPUTS 


DIRECTION 

OUTPUT ENABLE 
PIN 20=Vec 
PIN 10=GND 


OUTPUT 
ENABLES PIN 20Vec 
PIN 10=GND 


HC4049 HC4050 


PIN 1=Vec 
PIN 8=GND PIN 1=Vec 


PINS 13, 16=NO CONNECTION PIN 8 = GND 
PINS 13, 16=NO CONNECTION 
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GATES 


Functional 
Equivalent 
CMOS Direct Pin | Number 
Number LSTTL Device Compatibilit 
MC54/MC74 Device : . : 
54/74 MC1XXXX 
or CDXXXX 





Functional 
Device Equivalent 


Quad 2-Input NAND Gate 

Quad 2-Input NOR Gate 

Quad 2-Input NAND Gate with Open-Drain Outputs 
Quad 2-Input AND Gate 

Triple 3-Input NAND Gate 


Triple 3-Input AND Gate 
Dual 4-Input NAND Gate 
Triple 3-Input NOR Gate 
8-Input NAND Gate 
Quad 2-Input OR Gate 


2-Wide, 2-Input/2-Wide, 3-Input AND-NOR Gates 
2-Wide, 2-Input/2-Wide, 3-Input AND-OR Gates 

Quad 2-Input Exclusive OR Gate 

Quad 2-Input NAND Gate with Schmitt-Trigger Inputs 
13-Input NAND Gate 


HC386 Quad 2-Input Exclusive OR Gate LS386 LS/CMOS 
HC4002 Dual 4-Input NOR Gate *LS25 CMOS 
HC4075 Triple 3-Input OR Gate CMOS 
HC4078 8-Input NOR/OR Gate CMOS 
%HC7266 | Quad 2-Input Exclusive NOR Gate *LS266 LS/CMOS 


*Suggested alternative 
x Exclusive High-Speed CMOS design 





i 
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GATES (Continued) 


HC Devices Have CMOS-Compatible Inputs. 


Dw pw [pw fw | 


Single Device 
Dual Device 

Triple Device 
Quad Device 





Exclusive OR 
Exclusive NOR 
AND-NOR 
AND-OR 


Schmitt-Trigger Inputs 
Open-Drain Outputs 








a 
i 


use 


Single Device 
Dual Device 

Triple Device 
. Quad Device 


Exclusive OR _ 
Exclusive NOR 
AND-NOR 
AND-OR 


Schmitt-Trigger Inputs 


Open-Drain Outputs 


These devices are identical in function and are different in pinout only: HC86 and HC386 
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GATES (Continued) 


Uva 


ar 2 
1 
B12 
AQ 2 ; 
v2 
a2 8 
REE 
ag 2 
10 3 
a3 -2 
mo 
13 
BA 


PIN 14=Vcc PIN 14=Vor 
PIN 7 =GND PIN 7 = GND 


Vec 
OUTPUT 
PROTECTION 
DIODE 3.68.11 4 


1 
Al 3 

9 Y1 
B1 
A2 : : 6 

5 Y2 
B2 
aa —2 ; 

10 Y3 
B3 

12 

13 Y4 
B4 


PIN 14= Vee 
PIN 7 =GND 


* Denotes open-drain outputs. oitact 
=VCC 
PIN 7=GND 


3 
A2 
82 4 Bey. y=aBC 
C2 
g ‘s 
Ag 
p3 2 $ ys 
cdl 


PIN 14=Vec PIN 14=Vee 
PIN 7 = GND PIN 7 = GND 
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GATES (Continued) 


HC20 HC27 


Al 1 

BI 6 

C1 4 Yi a2 3 

p— 6 ees 
B2 5 Y2 Y=A+B+C 





Y = ABCD c2 
A2 3 
B2 8 
v2 
c2—i 
n2 Eas 
PIN 14=Vece A3 2 
PIN 7 =GND B3 : 8.3 
PINS 3, 11=NO CONNECTION 03 


PIN 14=Ver 
PIN 7 = GND 


Y = ABCDEFGH 


zanmnmonwr 
fo [ofen fe feo [rojo 


PIN 14=Verc 
PIN 7=GNOD 
PINS 9, 10, 13=NO CONNECTION 


PINI4 = Voc 
PIN 7 = GND 


: Y1 YI 


Yi =(A1¢B1eC1)+ (DieE1¢F1) Y1 = (A1°B1eC1) + (D1°E1 °F 1) 


6 
Y2 Y2 


Y2 = (A2B2) + (C2¢D2) Y2 = (A2B2) + (C2¢D2) 


PIN 14=Vec PIN 14=Vec 
PIN 7 = GND PIN 7 =GNO 
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GATES (Continued) 


HC132A 


PIN 14=Voc 
PIN 7= GND 


PIN 14=Vec 
PIN 7 = GND 


Y = AeBeCeDeEoFeGeHeleJeKeloy 


A 
B 
C 
0 
E 
F 
G 
H 

l 
J 
K 
L 
M 


PIN 14=Vo¢ 
PIN 7= GND 
PIN 16=Ve¢ 


PIN 8 = GND 


HC4002 HC4075 


Y=A+B+C+0D 


PIN 14=Vec 
PIN 7 = GND 
PINS 6, 8=NO CONNECTION 


PIN 14=Vec 
PIN 7=GND 
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GATES (Continued) 


HC4078 HC7266 


A 
B 
Cc 
0 
E 
F 
G 
H 





Y=A+B+C0+D0+E+F+6+H 
X=A+B+C+0+E+F+G6+H 


PIN 14=Vec 
PIN 7 = GND 


PINS 6, 8=NO CONNECTION PIN 14=Vec 


PIN 7 = GND 





Eek Rec ee ely can eet eR eee a ee cee 
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SCHMITT TRIGGERS 
















Functional 
























Functional Equivalent 
Device Equivalent CMOS Direct Pin 
Number Porte Device | Compatibili 
MC54/MC74 Device PanMiny 
54/74 MC1XXXX 
or CDXXXX 


HC14A Hex Schmitt-Trigger Inverter LS14 4584 LS/CMOS 
HC132A Quad 2-Input NAND Gate with Schmitt-Trigger Inputs LS132 4093 LS 


HC132A 


PIN 14=Vcc 
PIN 7 =GND 


PIN 14=Vec 
PIN 7=GND 





he 
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BUS TRANSCEIVERS 





, Functional 
Functional : 
Device Equivalent Equivalent Number 
CMOS Direct Pin 
murrees sealile Device | Compatibilit ot 
MC54/MC74 Device P Y! Pins 
BATA MC1XXXX 
or CDXXXX 
HC242 Quad 3-State Inverting Bus Transceiver LS242 LS 14 
HC245A Octal 3-State Noninverting Bus Transceiver LS245 LS 20 
HCT245 Octal 3-State Noninverting Bus Transceiver with LS245 LS 20 
LSTTL-Compatible Inputs 
HC640A Octal 3-State inverting Bus Transceiver LS640 LS 20 















HCT640 Octal 3-State Inverting Bus Transceiver with LS 
LSTTL-Compatible Inputs 

HC646 Octal 3-State Noninverting Bus Transceiver and LS 
D Flip-Flop 

HC648 Octal 3-State Inverting Bus Transceiver and D Flip-Flop LS 





HC Devices Have CMOS-Compatible Inputs. HCT Devices Have LSTTL-Compatible Inputs. 


245,A | 640,A 












Common Output Enable 
Active-Low Output Enable 


Active-High Output Enable Heboi 


Direction Control eee ae ae ee 
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BUS TRANSCEIVERS (Continued) 


HC245A 
HCT245 





ENABLES { 8.70.4 ENABLE PIN 20=V¢c 


PIN 10 = GND 
PIN 14=Vec 


PIN 7 = GND 
HC242—INVERTING OUTPUTS 
HC243—-NONINVERTING OUTPUTS PINS 2, 12=NO CONNECTION 


HC640A 
HCT640 


© io I~) 1) for pm 


—_ 12 


GUTPUT ENABLE 
DIRECTION 


DIRECTION FLIP-FLOP § A-T0-8 CLOCK 
OUTPUT ENABLE CLOCKS | 8.T0-A CLOCK 


= SELECTION 
PIN 10 = GND INPUTS 


PIN 20 =Vcc DATA-SOURCE { A-TO-B SOURCE 


B-T0-A SOURCE PIN 24=Vec 
PIN 12 = GND 





ae a eae aa erg mn en Oo a I ee 
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LATCHES 


Functional 
Equivalent 
LSTTL 
Device 
54/74 


Device 
Number 
MC54/MC74 


Functional 
Equivalent 
CMOS 
Device 
MC1XXXX 


Number 


Direct Pin 
Compatibility 


or CDXXXX 





LS75 
LS259 
LS373,LS573 
LS373,LS573 


HC75 
HC259 
HC373 

HCT373A 


Dua! 2-Bit Transparent Latch 

8-Bit Addressable Latch/1-of-8 Decoder 

Octal 3-State Noninverting Transparent Latch 

Octal 3-State Noninverting Transparent Latch with 
LSTTL-Compatible Inputs 


Octal 3-State Inverting Transparent Latch LS533,LS563 


LS533,LS563 


HC533 


HCT533 Octal 3-State Inverting Transparent Latch with 
LSTTL-Compatible Inputs 
Octal 3-State Inverting Transparent Latch 


Octal 3-State Noninverting Transparent Latch 


LS533,LS563 
LS373,LS573 


HC563 
HC573 





HC Devices Have CMOS-Compatible Inputs. HCT Devices Have LSTTL-Compatible Inputs. 


Single Device 
Dual Device 
Octal Device 


Number of Bits Controlled by Latch Enable: 
2 
8 


Transparent 
Addressable 


Readback Capabillity 


Noninverting Outputs 
inverting Outputs 
Common Latch Enable, Active-Low 


3-State Outputs 
Common Output Enable, Active-Low 


These devices are identical in function and are different in pinout only: HC/HCT373 and HC573 
HC/HCT533 and HC563 
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DATA 
INPUTS 


ENABLE 


HC373 
HCT373A 


LATCH ENABLE 
OUTPUT ENABLE 


DATA 
INPUTS 


LATCH 
ENABLE 
OUTPUT 
ENABLE 


LATCHES (Continued) 


2-BIT 
TRANSPARENT 
LATCH 


PIN 5=Vec 
PIN 12 = GND 


NONINVERTING 
OUTPUTS 


PIN 20=Ve¢ 
PIN 10=GND 


INVERTING 
OUTPUTS 


PIN 20=Ve¢ 
PIN 10 =GND 


ADDRESS 
INPUTS 


NONINVERTING 
OUTPUTS 


DATA IN 


PIN 18 =Vcc 
PIN 8 = GND 


DATA INVERTING 
INPUTS OUTPUTS 


LATCH ENABLE 
OUTPUT ENABLE 


PIN 20=Vcc 
PIN 10 = GNO 


NONINVERTING 
OUTPUTS 


LATCH 
ENABLE 
OUTPUT 
ENABLE 


PIN 20=Ve¢ 
PIN 10=GND 
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Device 
Number 
MC54/MC74 


HC273 
HC374 
HCT374 


HC534 
HCT534 


FLIP-FLOPS 


Function 


Dual J-K Flip-Flop with Reset 


Dual D Flip-Flop with Set and Reset 
Dual J-K Flip-Flop with Set and Reset 


Dual J-K Flip-FLop with Reset 


Dual J-K with Set and Reset 
Dual J-K Flip-Flop with Set and Reset | 


Dual J-K Flip-Flop with Set 

Quad 3-State D Flip-Flop with Common Clock and Reset 
Hex D Flip-Flop with Common Clock and Reset 

Quad D Flip-Flop with Common Clock and Reset 


Octal D Flip-Flop with Common Clock and Reset 

Octal 3-State Noninverting D Flip-Flop 

Octal 3-State Noninverting D Flip-Flop with 
LSTTL-Compatible Inputs 

Octal 3-State Inverting D Flip-Flop 

Octal 3-State Inverting D Flip-Flop with 
LSTTL-Compatible Inputs 


Octal 3-State Inverting D Flip-Flop 
Octal 3-State Noninverting D Flip-Flop 
Octal 3-State Noninverting Bus Transceiver and 
D Flip-Flop 
Octal 3-State Inverting Bus Transceiver and D Flip-Flop 


*Suggested alternative 


Functional 
Equivalent 
LSTTL 
Device 
54/74 
LS73,LS73A, 
LS107,LS107A 
LS74,LS74A 
LS76,LS76A, 
LS112,LS112A 
LS73,LS73A, 
LS107,LS107A 
LS109,LS109A 


LS76,LS76A, 
LS112,LS112A 
LS113,LS113A 
LS173,LS173A 

LS174 
LS175 


LS273 
LS374,LS574 
LS374,LS574 


LS$534,LS564 
LS534,LS564 


LS$534,LS564 
LS374,LS574 
LS646 


LS648 


Functional 
Equivalent 
CMOS 
Device 
MC1XXXX 
or CDXXXX 
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Number 
of 
Pins 


Direct Pin 
Compatibility 


LS/CMOS 
LS/CMOS 
LS/CMOS 








FLIP-FLOPS (Continued) 
























































HC Devices Have CMOS-Compatible Inputs. HCT Devices Have LSTTL-Compatible Inputs. 
HC 
JK re ee era 

Dual Device 

Quad Device 

Hex Device 

Octal Device 

Common Clock 

Negative-Transition Clocking 

Positive-Transition go ae 

| Common, Active-Low DataEnables si Active-Low Data Enables 

Noninverting Outputs 

Inverting Outputs 

3-State Outputs 

Common, Active-Low Output Enables 

Common Reset 

Active-Low Reset 

[oor aes Reset 

| Active-LowSet ss Set 

Transceiver 

Direction Control 
HC Devices Have CMOS-Compatible Inputs. HCT Devices Have ae Inputs. 

HC 
Device Aer my HC HC 
a ata 574 648 

ne 

Dual Device 

Quad Device 

Hex Device 

Octal Device 

Common Clock 

Negative-Transition Clocking 

Positive-Transition Clocking 

Common, Active-Low Data Enables es Se ee Ee ee eee 

Noninverting Outputs 

inverting Outputs 

3-State Outputs 

Common, Active-Low Output Enables 

Common Reset 

Active-Low Reset 

oo Ea Reset 

| Active-LowSet = sisi Set 

Transceiver 

Direction Control 
These devices are identical in function and are different in pinout only: HC73 and HC107 

HC76 and HC112 
HC374 and HC574 

HC534 and HC564 


Pel SNe er eS 
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FLIP-FLOPS (Continued) 


14 
J 
12 1 
Clock 1 i 
‘ 13 oi 
K1 
Reset 1 2 
7 






HC73 


Clock 1 





Set 1 


Reset 2 








Data 2 



















Clock 2 











Pin 4=Vcc Set2 
Pin 11=GND 
\ Pin 14=Vcc 
Pin 7=GND 
2 
ey 16 15 
1 
Clock 1 
4 14 — 
J1 
Reset 1 I 
Set2 — 
K2 12 11 
Clock 2 2 
jo 2 10 a 
8 
Reset 2 
te Pin 14=Vcc 
Pin 13= GND 


K1 






Ki 








Clock 1 Clock 1 








J1 






J1 


K2 









Clock 2 






J2 





J2 











Reset 2 





Reset 2 















Pin 16=Vcc 
Pin 8= GND 


Pin 16=Vcc 
Pin 8=GND 
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J2 


Clock 2 


K2 


Pin 14=Vec 
Pin 7=GND 


Data 
Inputs 


Pin 16=Vcc 
Pin 8=GND 


Data 
Inputs 


Pin 20= Vcc 
Pin 10= GND 


_ FLIP-FLOPS (Continued) 


Qo 
Qi 
Q2 
Q3 
Q4 
QS 
O6 
Q7 


Data 
Inputs 


Data- 
Enables 


Enables 


Noninverting 
Outputs 


Data 
Inputs 


HC374 
HCT374A 


Noninverting 
Outputs 


3-State 
Noninverting 
Outputs 


Pin 16= Vcc 
Pin 8= GND 


inverting 
and 
Noninverting 
Outputs 


Pin 16=Vcc 
Pin 8=GND 


Noninverting 
Outputs 


Pin 20=Vcc 
Pin 10= GND 
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FLIP-FLOPS (Continued) 


DATA INVERTING DATA INVERTING 
INPUTS OUTPUTS INPUTS OUTPUTS 





CLOCK 


OUTPUT ENABLE PIN 20=Vcc 
PIN 10= 
OUTPUT ENABLE = Ve 


PIN 20=V¢¢ 
PIN 10 = GND 


4 
5 
6 
7 
8 
9 


NONINVERTING 
OUTPUTS 


— fs 
_—- jo 


QUTPUT ENABLE 
DIRECTION 


CLOCK FLIP-FLOP § A-TO-B CLOCK 
CLOCKS | 8.10-A CLOCK 


PIN 20 = Voc DATASOURCE 
i A-T0-B SOURCE 
OUTPUT ENABLE PIN 10 = GND scn{ 

INPUTS L_ 8-T0-A SOURCE PIN 24=Voc 


PIN 12 = GND 





a) 
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DIGITAL DATA SELECTORS/MULTIPLEXERS 













































2 Functional 
Functional : 
Devic Enuivalant: Equivalent 
siete auivele cmos Direct Pin 

pee iid Device | Compatibilit 
MiC54/MC74 Device paubiity 

‘ 54/14 MC1XXXX 

or CDXXXX 















LS 
LS/CMOS 


8-Input Data Selector/Multiplexer 
Dual 4-Input Data Selector/Multiplexer 

Quad 2-Input Noninverting Data Selector/Multiplexer 
Quad 2-Input Inverting Data Selector/Multiplexer 
8-Input Data Selector/Multiplexer with 3-State Outputs 




















Dual 4-Input Data Selector/Multiplexer with 3-State LS/CMOS 

Outputs 

Quad 2-Input Data Selector/Multiplexer with 3-State 
Outputs 

8-Input Data Selector/Multiplexer with Data and Address | LS354,*LS356 


Latches and 3-State Outputs 
*Suggested alternative 











LS 







HC Devices Have CMOS-Compatible Inputs. 


Description | 
two 4-bit two 4-bit | 8 inputs is 
words is | words is words is selected 
: selected selected selected 


Single Device 
Dual Device 
Quad Device 


Data Latch with Active-Low 
Latch Enable 


Common Address 

1-Bit Binary Address 
2-Bit Binary Address 
3-Bit Binary Address 


Address Latch (Transparent) 

Address Latch 
(Non-transparent) 

Active-Low Address Latch 
Enable 


Noninverting Output 
inverting Output 
3-State Outputs 


Common Output Enable 
Active-High Output Enable 
‘Active-Low Output Enable 


**implies the device has two such enables 
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DIGITAL DATA SELECTORS/MULTIPLEXERS (Continued) 









HC153 


Address 
Inputs 







Data 
Outputs 


Output 
Enable a 


6 _ 
Y 









Address 
Inputs 








7 
Output Enable —— 















Pin 16=Vcc 
Pin 8= GND 





Enable b 
Pin 16=Vcc 
Pin 8=GND 






HC157A 
HC158 







Nibble 
A Input 













Data D3 
{Inputs 








Data 
Outputs 







6 
Y 






Nibble 
B Input 






Address 
Inputs 







HC157—Noninverting Outputs 
HC158—Inverting Outputs 












Output Enable 






Pin 16=Vcc 
Pin 8=GND 






Pin 16=Vcc 
Pin 8= GND 





HC253 


Address ne 
Inputs 









Noninverting 
Data 
Outputs 
















Select 


Output 
Enable 





15 






Pin 16=Vcc 
Pin 8= GND 






Output 15 
Enable b 






Pin 16= Vcc 
Pin 8=GND 







| 
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DIGITAL DATA SELECTORS/MULTIPLEXERS (Continued) 


DATA astaTe |_18_y fan 


DATA 
INPUTS ouTPuT |_18 
: paneled Y | outputs 


DATA-LATCH 
ENABLE 


wav ADDRESS 
a LATCH 
A2 





ADDRESS 
INPUTS (TRANS- 


PARENT) 


ADDRESS-LATCH PIN 20=Vec 
ENABLE PIN 10=GND 


OE1 
OUTPUT 
ENABLES 





ea aa ace cee a ROR sc eee Cn Re ee ee 
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DECODERS/DEMULTIPLEXERS/DISPLAY DRIVERS 
























































; Functional 
Functional 
5 Equivalent 
Device Equivalent ‘ Number 
CMOS Direct Pin 
Number Function LSTTL Davis Compatibilit of 
MC54/MC74 : Device P Y| Pins 
54/74 MC1XXXX 
or CDXXXX 
1-of-10 Decoder LS 16 
1-of-8 Decoder/Demultiplexer with Address Latch LS 16 
1-of-8 Decoder/Demultiplexer LS 16 
Dual 1-of-4 Decoder/Demultiplexer LS/CMOS 16 
Decimal-to-BCD Encoder LS 16 
HC154 1-of-16 Decoder/Demultiplexer LS154,*LS159 LS 24 
%*HC237 1-of-8 Decoder/Demultiplexer with Address Latch *LS137 16 
HC259 8-Bit Addressable Latch/1-of-8 Decoder LS259 LS 16 
HC4511 BCD-to-Seven-Segment Latch/Decoder/Display Driver *LS47,*LS48, CMOS 16 
*LS49 
HC4514 1-of-16 Decoder/Demultiplexer with Address Latch *LS154,*LS159} 4514,*4515 CMOS 24 


*Suggested alternative 
* Exclusive High-Speed CMOS design 


(ee ner ea een need ce ee ed ee a ee 
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DECODERS/DEMULTIPLEXERS/DISPLAY DRIVERS (Continued) 


HC Devices Have CMOS-Compatible Inputs. 


Input Description BCD Address | 3-Bit Binary 3-Bit Binary 2-Bit Binary | Any 4-Bit Binary 
Address Address Address Combination of Address 


9 Inputs 


Output Description. One of 10 One of 8 One of 8 One of 4 BCD Address of One of 16 
Highest Input 
Single Device 
Dual Device: 
Address Input Latch - 
Active-High Latch Enable 
Active-Low Latch Enable 





Active-Low Inputs ae (ieee ane Fae emes 


Active-Low Outputs 
Active-High Outputs 


Active-Low Output Enable 
Active-High Output Enable 


Active-Low Reset 


Active-Low Blanking Input 
Active-High Blanking Input 


Active-Low Lamp-Test Input 


Phase Input (for LCD’s) 
**implies the device has two such enables 





_ HC Devices Have CMOS-Compatible Inputs. 










# Pins Ee ee ee 
Input Description 3-Bit Binary 3-Bit Binary BCD Data 4-Bit Binary 
Address Address Address 
Output Description One of 8 One of 8 7-Segment One of 16 
Display 
Single Device 
Dual Device 
Address Input Latch 
Active-High Latch Enable 
Active-Low Latch Enable 
Active-Low Inputs 


Active-Low Outputs 
Active-High Outputs 


Active-Low Output Enable 
Active-High Output Enable 


Active-Low Reset 


Active-Low Blanking Input 
Active-High Blanking Input 


Active-Low Lamp-Test Input 
Phase Input (for LCD’s) 


3 
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DECODERS/DEMULTIPLEXERS/DISPLAY DRIVERS (Continued) 











AO 























Address abe 
Inputs Latch 






Y3 } Active- 
Low 
Y4 § Outputs 











1-of-8 
Decoder 







Active-Low 
Outputs 


BCD 
Address 
Inputs 







Latch Enable 























12 Y8 
ts u Chi csi 
ip- 
mee " Select { Pin 16= Vcc 
Inputs CS2 Pin 8= GND 
Pin 16= Vcc 
Pin 8= GND, 
HC138A HC139A 
Address J AQ 2 4 Y0, 
Add Inputs 
ieoute mw Ala —2 s Y1a | Active-Low 
A2 6 _ v2, | Outputs 
ts) 
Active-Low 
Outputs 
1 
Selectg 


Address J AQp YOp 
















Inputs 
F Alb Y1b [| Active-Low 
Y2p Outputs 
. csi Y3b5 

Chip- 

Select CS2 
Inputs 

CS3 Select 


Pin 16=Vcc 
Pin 8= GND 





Pin 16=Vcc 
Pin 8=GND 
























BCD 








Decimal Y7 Active-Low 






Binar 
Data Inputs Address aatiress 7 Y8 Outputs 
(Active-Low) Outputs Inputs 2 
(Active-Low) 









Pin 16=Vcc 
Pin 8=GND 
Pin 15=No Connection 













Pin 24=Vcc 
Pin 12=GND 


a I EE, 
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DECODERS/DEMULTIPLEXERS/DISPLAY DRIVERS (Continued) 


AO 
Trans- AO 


Al parent 
Inputs Latch Inputs 
A2 


A2 
Active-High 


Outputs 


Active- 
ee 1-of-8 High 
ate ' Decoder Output 
Enable pens Data In 


Reset 
Enable 


Chip- 
si | Pin 16=Vcc Pin 16=Vcc 
Inputs Pin 8= GND Pin 8= GND 


4-Bit Decoder Seven- 
Transparent and Segment 
Latch ev Display- 4-to-16 
ontro Driver Binary 4-Bit Line 
Outputs Address Storage Decoder 
inputs Latch 


Active-High 
Outputs 


Control 
Inputs 


Pin 16=Vcc 
in Be Select 
Pin 8= GND Pin 24=Vcc 
Pin 12= GND 
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ANALOG SWITCHES/MULTIPLEXERS/DEMULTIPLEXERS 


Functional 
Equivalent 
CMOS Direct Pin Number of 
Device Compatibility Pins 
MC1XXXX 
or CDXXXX 


Functional 
Device Equivalent 
Number Function LSTTL 
MC54/MC74 Device 
54/74 





Quad Analog Switch/Multiplexer/Demultiplexer 
8-Channel Analog Multiplexer/Demultiplexer 
Dual 4-Channel Analog Multiplexer/Demultiplexer 


Triple 2-Channel Analog Multiplexer/Demultiplexer 
Quad Analog Switch/Multiplexer/Demultiplexer 


* HC4316 | Quad Analog Switch/Multiplexer/Demultiplexer with 
Separate Analog and Digital Power Supplies 

%* HC4351_—| 8-Channel Analog Multiplexer/Demultiplexer with 
Address Latch 

* HC4352 =| Dual 4~-Channel Analog Multiplexer/Demultiplexer with 
Address Latch 

%* HC4353 =| Triple 2-Channel Analog Multiplexer/Demultiplexer with 
Address Latch 


* Suggested alternative 
* High-Speed CMOS design only 





i EEE 
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ANALOG SWITCHES/MULTIPLEXERS/DEMULTIPLEXERS (Continued) 


HC Devices Have CMOS-Compatible Inputs. 


— HC HC HC | HC HC 
ae? 4016 4051 4052 4053 4066 
PIGS ono, cat con siete dere Wea tee IO Nir WO Ne NO ee ME 


4 Independently | A 3-Bit Address | A 2-Bit Address 
Controlled Selects One of 8 | Selects One of 4 
Switches Switches Switches 


















A 3-Bit Address 
Selects Varying 
Combinations of 
the 6 Switches 


Description 











4 Independently 
Controlled 
Switches 









Single Device 
Dual Device 

Triple Device 
Quad Device 








1-to-1 Multiplexing 
2-to-1 Multiplexing 
4-to-1 Multiplexing 
8-to-1 Multiplexing 


Active-High ON/OFF Control 


Common Address Inputs 
2-Bit Binary Address 
3-Bit Binary Address 

Address Latch with Active-Low Latch Enable 


Common Switch Enable 
Active-Low Enable 
Active-High Enable 

Separate Analog and Control Reference 
Power Supplies 












4 Independently | A 3-Bit Address | A 2-Bit Address | A 3-Bit Address 
Controlled Selects One of 8 | Selects One of 4 Selects Varying 
Switches Switches Switches Combinations of 

(Has a Separate | (Has an Address | (Has an Address | the 6 Switches 

Analog Lower Latch) Latch) (Has an Address 
Power Supply) ° 


Single Device 
Dual Device 

Triple Device 
Quad Device 


1-to-1 Multiplexing 
2-to-1 Multiplexing 
4-to-1 Multiplexing 
8-to-1 Multiplexing 


Active-High ON/OFF Control 


Common Address Inputs 
2-Bit Binary Address 
3-Bit Binary Address 
Address Latch with Active-Low Latch Enable 


Common Switch Enable 
Active-Low Enable 
Active-High Enable 


Separate Analog and Control Reference 
Power Supplies 

Switched Tubs (for Ron and Prop. Delay 
improvement) 


eeimplies the device has two such enables 
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ANALOG SWITCHES/MULTIPLEXERS/DEMULTIPLEXERS (Continued) 


HC4016 























































13 
A ONIOFF CONTROL 
4 3 MULTIPLEXER) 
x y 
: : ANALOG J X3 DEMULTIPLEXER y COMMON 
INPUTSIOUTPUTS } yq OUTPUT/INPUT 
5 ANALOG 
B-ONIGEF CONTROL QUTPUTSIINPUTS 
Xc 8 2 Yc 
; a PIN i16=Vcr 
C ON/OFF CONTROL CHANNEL-SELECT PIN 7=VeE 
: inputs} 8 PIN 8 = GND 
ig 10, 
ENABLE 
12 
D ON/OFF CONTROL ANALOG INPUTS/OUTPUTS = Xq, Xp, Xc. Xp 
PIN 14=Vec 
PIN 7=GND 


X SWITCH 












X SWITCH 















COMMON 
OUTPUTS/INPUTS 


ANALOG 
INPUTS/OUTPUTS 


Y SWITCH 













ANALOG 
(NPUTS/QUTPUTS 


COMMON 
OUTPUTS/INPUTS 


Z SWITCH 
Y SWITCH 









CHANNEL-SELECT 
INPUTS 






CHANNEL-SELECT { A 
















INPUTS { B PIN 16=Vec 
ENABLE PIN 7 =VeE 
PIN 16=Ve¢ PIN §=GND 
ENABLE: . PIN 7=Veg 




















PIN 8 = GND 
‘NOTE: This device allows independent control of each switch. Channel-Select Input 


A controls the X Switch, Input B controls the Y Switch, and Input C controls 
the Z Switch. 





Xa — 


XA 
A ON/OFF CONTROL 





13 





A ON/OFF CONTROL 









ce 





XB 
B ON/OFF CONTROL 








5 ANALOG 


OUTPUTS/INPUTS 







B ON/OFF CONTROL 








ANALOG 
Ye QUTPUTS/INPUTS 








Xo ove 








ANALOG 
Xe oe 
C ON/OFF CONTROL aoe LEVEL 


UTRANSLATOR 





6 






C ON/OFF CONTROL 






















x ANALOG ; PIN 16=Vec 

oa ae ee 
Xo ‘ D ONIOF CONTROL ——-+-—{ LEVEL ee 
ENABLE CO TRANSLATOR EE 






D ON/OFF CONTROL u 
ANALOG INPUTS/OUTPUTS = Xq, Xp, Xe, Xp 

PIN 14=Ver 

PIN 7 =GND 


ANALOG INPUTSIOUTPUTS = Xa, Xp, Xc, Xp 
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ANALOG SWITCHES/MULTIPLEXERS/ DEMULTIPLEXERS (Continued) 





X SWITCH 

















ANALOG 
INPUTSIOUTPUTS F x4 


MULTIPLEXER/ 
DEMULTIPLEXER 


COMMON 
QUTPUT/INPUT 













x ANALOG: 


INPUTS/OUTPUTS 


COMMON 
OUTPUTS/INPUTS 









1 
6 ; 
; Y SWITCH 
5 


















































¥3 
CHANNELSELECT J 
INPUTS PIN 20=Ver ry 13) CHANNEL 
PIN 9= Veg ic ight { 12 | ADDRESS 
LATCH ENABLE PIN 10 = GND 6 LATCH 
PINS 3, 14=NC ice PIN 20= Vee 
SWITCH { ENABLE 1 LATCH ENABLE PIN 8 = Vex 
ENABLES 9 ENABLE 2 2 Pal 10= GND 











SWITCH {ova 1 


X SWITCH 




















ANALOG § YO 
INPUTSIOUTPUTS Fy, 


COMMON. 
OUTPUTS/INPUTS 







Y SWITCH 





— ee ee ae 


2 SWITCH 






CHANNEL 
ADDRESS 





CHANNEL-SELECT gas 
INPUTS: 12 
C 










LATCH ENABLE PIN 20=Vec 
PIN 9 = Veg 
SWITCH § ENABLE 1 PIN 10 = GND 
ENABLES ¥ ENABLE 2 PINS 3, 14=NC 
NOTE: 


This device allows independent control of each switch. Channel-Select 
Input A controls the X Switch, Input B controls the Y Switch, and 
Input C controls the Z Switch. 
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SHIFT REGISTERS 
































































: Functional 
Functional ; 
Device Equivalent Equivalent Numb 
ee CMOS Direct Pin eee 
Number LSTTL Devi c ‘bili of 
MC54/MC74 Device Oe | eee) Bins 
54/74 MC1XXXX 
or CDXXXX 
HC164 8-Bit Serial-Input/Parallel-Output Shift Register LS164 14 
HC165 8-Bit Serial- or Parallel-Input/Serial-Output Shift Register LS165 16 
HC194 4-Bit Bidirectional Universal Shift Register LS194,LS194A LS/CMOS 16 
HC195 4-Bit Universal Shift Register LS196,LS195A LS 16 
HC299 8-Bit Bidirectional Universal Shift Register with LS299 LS 20 
Parallel 1/O 
HC589 8-Bit Serial- or Parallel-Input/Serial-Output Shift Register LS 16 
with 3-State Output 
HC595A 8-Bit Serial-Input/Serial- or Parallel-Output Shift Register LS 16 
with Latched 3-State Outputs 
HC597 8-Bit Serial- or Parallel-Input/Serial-Output Shift Register LS 16 
with Input Latch 





*Suggested alternative 
x Exclusive High-Speed CMOS design 


HC Devices Have CMOS-Compatible Inputs. 


4-Bit Register 
8-Bit Register 


Serial Data Input 
Parallel Data Inputs 


Serial Output Only 
Parallel Outputs 
inverting Output 
Noninverting Output 


Serial Shift/Parallel Load Control 
Shifts One Direction Only 
Shifts Both Directions 


Positive-Transition Clocking 
Active-High Clock Enable 


Input Data Enable 
Data Latch with Active-High Latch Clock 
Output Latch with Active-High Latch Clock 


3-State Outputs 
Active-Low Output Enable 


Active-Low Reset 
































: 
i 
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HC164 


Serial 4 A1 
Data 


Inputs 7 AQ 


Pin 14=Vcc 
Pin 7= GND 


Serial (SA 
Data 
Inputs | Sp 


A 
Parallel 
Data 
Inputs 


Serial (SHIFT RIGHT) 
Data 


Inputs 


H 
(SHIFT LEFT) 


Reset 
Mode $s} 
Select 7 S2 


Output § OE 
Enables 7 oF2 


Parallel! 
Data 
Outputs 


Parallel 
Data 
Outputs 


Pin 16=Vcc 
Pin 8= GND 


3-State 
Parallel Data Port 
(Inputs/ Outputs) 


Pin 20=Vcc 
Pin 10= GND 


Parallel 
Data 
Inputs 


{= 


Serial Shift/ Parallel Load 


xronmoao p 


Serial 
Data 
Input 


Clock 
Clock Inhibit 


Serial Data 
Inputs K 


Parallel 
Data 
Inputs 


900 na Y> 


Clock 


Serial Shift/ 
Parallel Load 


Reset 


HC589 


Serial 
Data {s A 


Input 


Parallet 
Data 
Inputs 


ranmaonnooana PY 


Latch Clock 


Shift Clock 


Serial Shift/ 
Parallel Load 


Output Enable 


SHIFT REGISTERS (Continued) 


1 


Qu | Serial 
Data 


Oy | Outputs 


Pin 16=Vcc 
Pin 8= GND 


Parallel 
Data 
Outputs 


Pin 16=Vcc 
Pin 8= GND 


Pin 16=Vcc 
Pin 8= GND 
Shift 
Register 


Serial 
Data 
Output 


9 oy 
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SHIFT REGISTERS (Continued) 


HC595A HC597 


Serial 
Serial Data { SA 


Input 


Parallel 
Data 


Shift Outputs 
Register fn 
ata 


Inputs 


Shift 
Register 





Shift 
Ciock 


A 
B 
C 
D 
E 
F 
G 
H 


9 Serial 
—Q1 >? Data 

Output 
Reset Latch Clock 


Latch 
Clock | 
Output Shift Clock 


Enable : 
Serial Shift/ F 
Pin 16=Vcc Parallel Load oe 16= Vcc 
Pin 8= GND in 8= GND 
Reset 





ee 
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COUNTERS 


























Functional 
Equivalent 









Functional 















Equivalent CMOS Direct Pin | Number of 
LSTTL D ib P 
Boge evice Compatibility ins 
64/74 MC1XXXX | 

or CDXXXX 






















LS/CMOS 








Presettable BCD Counter with Asynchronous Reset LS160,LS160A 


Presettable 4-Bit Binary Counter with Asynchronous Reset LS161,LS161A LS/CMOS 
Presettable BCD Counter with Synchronous Reset LS162,LS162A LS/CMOS 
Presettable 4-Bit Binary Counter with Synchronous Reset LS163,LS163A LS/CMOS 
Dual 4-Stage Binary Ripple Counter with + 2 and +5 LS390 


LS 
Sections 










Dual 4-Stage Binary Ripple Counter 
Decade Counter 

14-Stage Binary Ripple Counter 
7-Stage Binary Ripple Counter 
12-Stage Binary Ripple Counter 















* Suggested alternative 





14-Stage Binary Ripple Counter with Oscillator 


_HC Devices Have CMOS-Compatible inputs. 


een | | | Me |S | Ss | Ss | | | ae | ce | 
162 390 393 4020 | 4024 | 4040 | 4060 
[#Pns Ct | ot | te | te | te | 4 | te | 6 | 4 | 6 | 6 






Single Device . 

Dual Device 

Ripple Counter e e 

Number of Ripple Counter Internal Stages 7. 12 

Number of Stages with Available Outputs 7 {2 

Count Up ie On oe re ee 




















On-Chip Oscillator Capability 
Positive-Transition Clocking 
Active-High Count Enable a ee a ee 
Active-High Reset ae ae ee oe 


4-Bit Binary Counter 

BCD Counter 

Decimal Counter 

Negative-Transition Clocking 

Active-High Clock Enable | 

4-Bit Binary Preset Data Inputs 

BCD Preset Data Inputs 

Active-Low Load Preset 

Carry Output a ee oe ee 


Separate ~ 5 Section 
[AE Ss Aa Ree NEE Ue [ee I I PAE 
————E 
eeimplies the device has two such enables 
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COUNTERS (Continued) 


HC160 HC162 
HC161 HC163 


Qo 


Preset Qi BCD or 


Data Binary 
Inputs Q2 Outputs 


Q> Counter 


Q3 


Ripple 


Carry Clock B Sb 7S 
Out Counter 





14 
Reset ABsat 2 
Load : . 
7 Pin 16=Vcc 
Enable P Pin 8=GND 
count 7" Pin 16=Vcc 
Enables Enable T Pin 8=GND 


HC4017 


Clock 


Clock 13 
Enable 


Decade 
Outputs 


Pin 14=Vcc 
Pin 7=GND 


Carry Out 


Pin 16=Vcc 
Pin 8=GND 


Reset 


Pin 14=Vcc 
Pin 7=GND 
Pins 8, 10 and 13=No Connection 


Pin 16=Vcc 
Pin 8= GND 
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COUNTERS (Continued) 


Osc Outt Ose Out2 


Pin 16=Vcc 
Pin 8= GND 


Pin 16=Vcc 
Pin 8= GND 
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MISCELLANEOUS DEVICES 


Functional 
Equivalent 
CMOS Direct Pin Number of 
Device Compatibility Pins 
MC1XXXX 
or CDXXXX 


Functional 
Device Equivalent 
Number LSTTL 
MC54/MC74 Device 
54/74 


4-Bit Magnitude Comparator S85 

9-Bit Odd/Even Parity Generator/ Checker LS280 

4-Bit Binary Full Adder with Fast Carry LS283,LS83 

8-Bit Equality Comparator LS688 

Dual Precision Monostable Multivibrator ¥*LS423 
(Retriggerable, Resettable) 





LA a ea i ype ry ND cd ere Se eee, 
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MISCELLANEOUS DEVICES (Continued) 
















5 A>Bout 






9-Bit 
6 A= Bout staal Data- Even Parity | Parity 
2 A<Boyt ee Word Odd Parity { Outputs 
Inputs 


—-zroamnmmoow > 


Pin 14=Vcc 


















A> Bin Pin 7=GND 
C. i Pin 3 =no connection 
ascading § A= Bin 
Inputs 


Pin 16=Vcoc 
Pin 8=GND 





Data 
















— A3 
Binary Al ha 
Addend Inputs 


A A2 





S1 Binary 
Sum 
Outputs 











Binary 
Addend 
B 2 





Data 
Word B3 
B 
inputs 








Carry In Carry Out 
















Pin 16=Vcc 
Pin 8= GND 


Cascade 
Input 










Pin 20=Vcc 
Pin 10=GND 


Trigger 


Trigger 
Inputs 







Pin 16=Vcc 
Pin 1, Pin 8, Pin 15 = GND 
Rx and Cx are external components 
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The “Better”’ 3° 
Program 
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THE 
“T8e W Lele” 
PROGRAM 








The “BETTER” program is offered on logic only, in dual-in-line ceramic and plastic packages. 


Better Processing — 
Standard Product Plus: 


LEVEL il (Suffix D) 


@ 100% burn-in to MIL-STD-883 test conditions — 160 hours 
at +125°C or 1.0 eV Arrhenius time/temperature 
equivalent. 


@ 100% post burn-in functional and dc parametric tests at 
25°C (or max rated Ta at Motorola’s option). Maximum 
PDA of 2% (functional) and 5% (DC and functional). 


HOW TO ORDER 


MC74HCOO0 N D 


4 


Part Standard BETTER 
Identification Package PROCESSING | 
Suffix LEVEL Il = SUFFIX D 


Part Marking 


The Standard Motorola part number with the corresponding 
“BETTER” suffix can be ordered from your local authorized 
Motorola distributor or Motorola sales offices. “BETTER” 
pricing will be quoted as an adder to standard commercial 
product price. 


“RAP” 
Reliability Audit Program 
for Logic Integrated Circuits 


1.0 INTRODUCTION 


The Reliability Audit Program developed in March 1977 is 
the Motorola internal reliability audit which is designed to 
assess outgoing product performance under accelerated 
stress conditions. Logic Reliability Engineering has overall 
responsibility for RAP, including updating its requirements, 
interpreting its results, administration at offshore locations, 
and monthly reporting of results. These reports are available 


at all sales offices. Also available is the ‘Reliability and 
Quality Handbook” which contains data for all Motorola 
Semiconductors (#BR518S). 

RAP is a system of environmental and electrical tests per- 
formed periodically on randomly selected samples of stan- 
dard products. Each sample receives the tests specified in 
section 2.0. Frequency of testing is specified per internal 
document 12MRM15301A. 
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2.0 RAP TEST FLOW 


Pull 500* piece sample from lot following Group A acceptance. 


PTHB PTH*** 
48 hrs 48 hrs 
Interim 
Electrical 
PTH 
48 hrs 
(Additional) 
Final Final 
Electrical Electrical 
(48 hrs) (96 hrs) 
scrap 


340 ee eenememenseen | ()() 





Initial 
Seal** 
Op Life 
40 hours 
Temp Cycle 
40 cycles 
interim 
electrical 
interim 
test 
Op Life 


210 hrs (Additional) 
Add 460 cycles 


Final 
interim interim# 
4 Electrical 
Add 500 cycles 
final 
interim” 
test 
Op Life# 
750 hrs 
(Additional) 
Temp Cycle# j 
1000 cycles 
(Additional) 
Final# 
Electrical 
(1000 hrs) 
Final 
Electrical 
& Seal** 
(2000 cycles) 
scrap scrap 


#One sample per month for FAST, LS, 10H, 10K, MG CMOS, and HSL CMOs. 
*PTHB or PTH not required for hermetic products: reduce total sample size to 450 pcs. 


**Seal (Fine & Gross Leak) required only for hermetic products. 
*“*PTH to be used when sockets for PTHB are not available. 


3.0 TEST CONDITIONS AND COMMENTS 


PTHB — 15 psig/121°C/100% RH at rated Vcc or vee — 
to be performed on plastic encapsulated devices 
only. 


TEMP CYCLING — MIL-STD-883, Method 1010, Condition 
C, —65°C/+ 150°C. 


OP LIFE — MIL-STD-883, Method 1005, Condition C (Power 
plus Reverse Bias), Ta = 145°C. 


NOTES: 


1. 


All standard 25°C dc and functional parameters will be 
measured Go/No/Go at each readout. 


. Any indicated failure is first verified and then submitted to 


the Product Analysis Lab for detailed analysis. 


. Sampling to include all package types routinely. 
. Device types sampled will be by generic type within each 


logic !/C product family (MECL, TTL, etc.) and will include 
all assembly locations (Korea, Philippines, Malaysia, etc.) 


. 16 hrs. PTHB is equivalent to approximatley 800 hours of 


85°C/85% RH THB for Vcc < 15 V. 


. Only moisture related failures (like corrosion) are criteria 


for failure on PTHB test. 


. Special device specifications (48A’s) for logic products will 


reference 12MRM15301A as source of generic data for 
any customer required monthly audit reports. 
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Design 


Considerations 
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INTRODUCTION 


CMOS devices have been used for many years in applica- 
tions where the primary concerns were low power consump- 
tion, wide power-supply range, and high noise immunity. 
However, metal-gate CMOS (MC14000 series) is too slow for 
many applications. Applications requiring high-speed devices, 
such as microprocessor memory decoding, had to go to the 
faster families such as LSTTL. This meant sacrificing the best 
qualities of CMOS. The next step in the logic evolution was 
to introduce a family of devices that were fast enough for such 
applications, while retaining the advantages of CMOS. The 
results of this change can be seen in Table 1 where HSCMOS 
devices are compared to standard (metal-gate) CMOS, LSTTL, 
and ALS. 

The Motorola CMOS evolutionary process shown in Fig- 
ure 1 indicates that one advantage of the silicon-gate process 
is device size. The High-Speed CMOS (HSCMOS) device is 
about half the size of the metal-gate predecessor, yielding 
significant chip area savings. The silicon-gate process allows 
smaller gate or channel lengths due to the self-aligning gate 
feature. This process uses the gate to define the channel during 
processing, eliminating registration errors and, therefore, the 
need for gate overlaps. The elimination of the gate overlap 
significantly lowers the gate capacitance, resulting in higher 
speed capability. The smaller gate length also results in higher 
drive capability per unit gate width, ensuring more efficient 
use of chip area. Immunity enhancements to electrostatic dis- 
charge (ESD) damage and latch up are ongoing. Precautions 
should still be taken, however, to guard against electrostatic 
discharge and latch up. 

Motorola's High-Speed CMOS family has a broad range of 
functions from basic gates, flip-flops, and counters to bus- 
compatible devices. The family is made up of devices that are 
identical in pinout and are functionally equivalent to LSTTL 
devices, as well as the most popular metal-gate devices not 
available in TTL. Thus, the designer has an excellent alternative 
to existing families without having to become familiar with a 
new set of device numbers. 


METAL GATE CMOS 


HANDLING PRECAUTIONS 


High-Speed CMOS devices, like all MOS devices, have an 
insulated gate that is subject to voltage breakdown. The gate 
oxide for HSCMOS devices breaks down at a gate-source 
potential of about 100 voits. All device inputs are protected 
by a resistor-diode network (Figure 2). Using the test setup 
shown in Figure 3, the inputs typically withstand a >2 kV 
discharge. 


Voc 
SILICON-GATE 


Dy 
~ 150 2 


~50 2 


CMOS 


TO CIRCUIT 
INPUT 





— GND 


Figure 2. Input Protection Network 


10 MOQ 1.5 kQ 
TO INPUT 
f UNDER TEST 
HIGH VOLTAGE ~—— 
V 
DC SOURCE —— 100 pF ZAP 

Vec 

o—————O op 

GROUND 


Figure 3. Electrostatic Discharge Test Circuit 





METAL 
HIGH-SPEED PSG 
SILICON-GATE OXIDE 
HSCMOS 





Figure 1. CMOS Evolution 
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Table 1. Logic Family Comparisons 


General Characteristics (1) (All Maximum Ratings) 


Characteristic 
| ts _|{ __ats__|_mcta00 | Hi-Speed | 


[Operating Volage Range | Vocrenypp | usm | 6x6% | a0w1s | 20t060 [| v_ 

aaa ae ee ee 

a a a a a a 
a 

Output Votage (imal a a ec 
vay [as [as 


=" 
Output Current @ Vo (limit) = — 1@2.5V -40 @ 
Vcc —0.8 V 


unless otherwise specified 

Pin Ct 88 Om @O4V | 40@04V | mA _| 
| DC Noise Margin _—Low/High |__—s DCM |_—0./0.7_ | _~—.3/0.7 |S tae4 | ogostae# |v | 
|DCFanut = CT CT LC mV? | sortov®@_— | 





























Speed/Power Characteristics (1) (All Typical ae 


Characteristic Symbol 
en ae Hi-Speed 


Guiscant Supply Gurene/Gate | ig | 04 SY Ta DT 
| Power/Gate (Quiescent) S| Pg | 20 | 0.0006 | 0.001 | mW _ 
| Propagation Delay S| tp | | | tT 
[Speed Power Product | | tT ||| 
[Clock Frequency (D-F/F) | fm =| 8B | || Mi 
| Clock Frequency (Counter) | fmax | | | M 











Propagation Delay (1) 


Characteristic 
ae 


Gate, NOR or NAND: Product No. | SN7aLs00_| SN7aaLS00_[ Mcr4oo1e | 7aHcoo | _— 
eunltpa) a a A 

Maximum a 
[Fl-Fcp, D-type; ‘Product No. | ShALSTA | SNTaARSTa | MoWaraB | venoms | — 
unen&\Godo a 

Maximum [_wo® [29 +) a0 ~*~ aa 
[counter Croce No. | swransi6s_| Swrannsies | mererese | 7anctes | — | 
weLn/tpHI) (Cock to Typical |e? | wo? | au0_—«|~—seone | 

Maximum [am [4 —*| 700 «ar 29 
NOTES: 


1. Specifications are shown for the following conditions: 
a) Vpp (CMOS) =5.0 V + 10% for dc tests, 5.0 V for ac tests; Vcc (TTL) =5.0 V +5% for dc tests, 5.0 V for ac tests 
b) Basic Gates: LS00 or equivalent 
c) Ta = 25°C 
d) Cy =50 pF (ALS, HC), 15 pF (LS, 14000 and Hi-Speed) 
e) Commercial grade product 
2. ( ) fanout to LSTTL 
3. ( ) CL =15 pF 
4. DC input voltage specifications are proportional to supply voltage over operating range. 
5. The number specified is the larger of tp_jy and tpy,_ for each device. 
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The input protection network uses a polysilicon resistor in 
series with the input and before the protection diodes. This 
series resistor slows down the slew rate of static discharge 
spikes to allow the protection diodes time to turn on. Outputs 
have a similar ESD protection network except for the series 
resistor. Although the on-chip protection circuitry guards 
against ESD damage, additional protection may be necessary 
once the chip is placed in circuit. Both an external series resistor 
and ground and Vcc diodes, similar to the input protection 
structure, are recommended if there is a potential of ESD, 
voltage transients, etc. Several monolithic diode arrays are 
available from Motorola, such as the MAD130 (dual 10 diode 
array) or the MAD1104 (dual 8 diode array). These diodes, in 
chip form, not only provide the necessary protection, but also 
save board space as opposed to using discrete diodes. 

Static damaged devices behave in various ways, depending 
on the severity of the damage. The most severely damaged 
pins are the easiest to detect. An ESD-damaged pin that has 
been completely destroyed may exhibit a low-impedance path 
to Vcc or GND. Another common failure mode is a fused or 
open circuit. The effect of both failure modes is that the device 
no longer properly responds to input signals. Less severe cases 
are more difficult to detect because they show up as inter- 
mittent failures or as degraded performance. Generally, 
another effect of static damage is increased chip leakage cur- 
rents (Ic). 

- Although the input network does offer significant protec- 
tion, these devices are not immune to large static voltage 
discharges that can be generated while handling. For example, 
static voltages generated by a person walking across a waxed 
floor have been measured in the 4 to 15 kV range (depending 











CMOS 
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Requires minimal board area 


Advantage: 


R1>R2 for the same level of 
protection; therefore, rise and 
fall times, propagation delays, 
and output drives are severely 
affected. 


Disadvantage: 


on humidity, surface conditions, etc.). Therefore, the following 

precautions should be observed. 

1. Wrist straps and equipment logs should be maintained 
and audited on a regular basis. Wrist straps malfunction 
and may go unnoticed. Also, equipment gets moved from 
time to time and grounds may not be reconnected 
properly. 

. Do not exceed the Maximum Ratings specified by the data 

sheet. 

3. All unused device inputs should be connected to Vcc or 
GND. 

4. All low impedance equipment (pulse generators, etc.) 
should be connected to CMOS inputs only after the CMOS 
device is powered up. Similarly, this type of equipment 
should be disconnected before power is turned off. 

5. Circuit boards containing CMOS devices are merely ex- 
tensions of the devices, and the same handling precautions 
apply. Contacting edge connectors wired directly to device 
inputs can cause damage. Plastic wrapping should be 
avoided. When external connectors to a PC board are 
connected to an input or output of a CMOS device, a 
resistor should be used in series with the input or output. 
This resistor helps limit accidental damage if the PC board 
is removed and brought into contact with static generating 
materials. The limiting factor for the series resistor is the 
added delay. The delay is caused by the time constant 
formed by the series resistor and input capacitance. Note 
that the maximum input rise and fall times should not be 
exceeded. In Figure 4, two possible networks are shown 
using a series resistor to reduce ESD damage. For con- 
venience, an equation is given for added propagation delay 
and rise time effects due to series resistance size. 
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GND = 


R2<R1 for the same level of 
protection. Impact on ac and dc 
characteristics is minimized. 


Advantage: 


More board area, higher initial 
cost. 


Disadvantage: 


NOTE: These networks are useful for protecting the following: 


A digital inputs and outputs 
B analog inputs and outputs 


C 3-state outputs 
D bidirectional (1/0) ports 


Propagation Delay and Rise Time vs. Series Resistance 


where: 


R =the maximum allowable series resistance in ohms 
t=the maximum tolerable propagation delay or rise time in 


seconds 


C=the board capacitance plus the driven device’s input 


capacitance in farads 


k=0.7 for propagation delay calculations 
k=2.3 for rise time calculations 





Figure 4. Networks for Minimizing ESD and Reducing CMOS Latch Up Susceptibility 
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10. 


11. 


12. 





13. 





. All CMOS devices should be stored or transported in ma- 


terials that are antistatic or conductive. CMOS devices 
must not be inserted into conventional plastic ‘“‘snow’”’, 
styrofoam, or plastic trays, but should be left in their 
original container. until ready for use. 


. All CMOS devices should be placed on a grounded bench 


surface and operators should ground themselves prior to 
handling devices, because a worker can be statically 
charged with respect to the bench surface. Wrist straps 
in contact with skin are essential and should be tested 
daily. See Figure 5 for an example of a typical work station. 


. Nylon or other static generating materials should not come 


in contact with CMOS devices. 


. If automatic handlers are being used, high levels of static 


electricity may be generated by the movement of the de- 
vice, the belts, or the boards. Reduce static buildup by 
using ionized air blowers, anti-static sprays, and room 
humidifiers. All conductive parts of machines which come 
into contact with the top, bottom, or sides of IC packages 
must be grounded to earth ground. 

Cold chambers using CO2 for cooling should be equipped 

with baffles, and the CMOS devices must be contained 

on or in conductive material. 

When lead straightening or hand soldering is necessary, 

provide ground straps for the apparatus used and be sure 

that soldering iron tips are grounded. 

The following steps should be observed during wave solder 

operations: 

a. The solder pot and conductive conveyor system of the 
wave soldering machine must be grounded to earth 
ground. 

b. The loading and unloading work benches should have 
conductive tops grounded to earth ground. 

c. Operators must comply with precautions previously 
explained. 

d. Completed assemblies should be placed in antistatic or 
conductive containers prior to being moved to sub- 
sequent stations. 

The following steps should be observed during board- 

cleaning operations: 

a. Vapor degreasers and baskets must be grounded to 
earth ground. 





14. 


15. 


16. 


17. 


18. 


b. Brush or spray cleaning should not be used. 

c. Assemblies should be placed into the vapor degreaser 
immediately upon removal from the antistatic or con- 
ductive container. 

d. Cleaned assemblies should be placed in antistatic or 
conductive containers immediately after removal from 
the cleaning basket. 

e. High velocity air movement or application of solvents 
and coatings should be employed only when a static 
eliminator using ionized air is directed at the printed 
circuit board. | 

The use of static detection meters for production line 

surveillance is highly recommended. 

Equipment specifications should alert users to the pres- 

ence of CMOS devices and require familiarization with this 

specification prior to performing any kind of maintenance 
or replacement of devices or modules. 

Do not insert or remove CMOS devices from test sockets 

with power applied. Check all power supplies to be used 

for testing devices to be certain there are no voltage tran- 
sients present. 

Double check test equipment setup for proper polarity of 

Vcc and GND before conducting parametric or functional 

testing. 

Do not recycle shipping rails. Repeated use causes de- 

terioration of their antistatic coating. Exception: carbon 

rails (black color) may be recycled to some extent. This 
type of rail is conductive and antistatic. 


RECOMMENDED READING 


‘Total Control of the Static in Your Business”’ 
Available by writing to: 


3M Company 

Static Control Systems 
P.O. Box 2963 

Austin, Texas 78769-2963 


Or by calling: 


Ss. 


1-800-328-1368 


Cherniak, ““A Review of Transients and Their Means of 


Suppression”, Application Note-843, Motorola Semiconduc- 
tor Products Inc., 1982. 


NOTES: 


1. 1/16 inch conductive sheet stock covering bench-top 
work area. 

2. Ground strap. 

3. Wrist strap in contact with skin. 

4, Static neutralizer. (lonized air blower directed at work.) 
Primarily for use in areas where direct grounding is 
impractical. 

5. Room humidifier. Primarily for use in areas where the 
relative humidity is less than 45%. Caution: building 
heating and cooling systems usually dry the air causing 
the relative humidity inside a building to be less than 
outside humidity. 


Figure 5. Typical Manufacturing Work Station 
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POWER SUPPLY SIZING 


CMOS devices have low power requirements and the ability 
to operate over a wide range of supply voltages. These two 
characteristics allow CMOS designs to be implemented using 
inexpensive power supplies without cooling fans. In addition, 
batteries may be used as either a primary power source or as 
a backup. 

The maximum recommended power supply voltage for HC 
devices is 6.0 V and 5.5 V for HCT devices. Figure 6 offers 
some insight as to how this specification was derived. In the 
figure, Vs is the maximum power supply voltage and Is is the 
sustaining current for the latch-up mode. The value of Vs was 
chosen so that the secondary breakdown effect may be 
avoided. The low-current junction avalanche region is between 
10 and 14 volts at Ta =25°C. 


Icc 










LATCH 
UP MODE 


SECONDARY 
BREAKDOWN 


1 LOW CURRENT 
1 __ JUNCTION 
(‘~~ AVALANCHE 


Vs Vcc 


DATA SHEET MAXIMUM SUPPLY RATING 
Figure 6. Secondary Breakdown Characteristics 


In an ideal system design, the power supply should be de- 
signed to deliver only enough current to ensure proper op- 
eration of all devices. The obvious benefit of this type of design 
is cost savings. 


BATTERY SYSTEMS 


HSCMOS devices can be used with battery or battery 
backup systems. A few precautions should be taken when 
designing battery-operated systems. 


1. The recommended power supply voltages should be ob- 
served. For battery backup systems such as the one in 
Figure 7, the battery voltage must be at least 2.7 volts (2 
volts for the minimum power supply voltage and 0.7 volts 
to account for the voltage drop across the series diode). 


2. Inputs that might go above the battery backup voltage 


should use the HC4049 or HC4050 buffers (Figure 8). If line 
power is interrupted, CMOS System A and Buffer A lose 
power. However, CMOS System B and Buffer B remain 
active due to the battery backup. Buffer A protects System 
A from System B by blocking active inputs while the circuit 
is not powered up. Also, if the power supply voltage drops 
below the battery voltage, Buffer A acts as a level translator 
for the outputs from System B. Buffer B acts to protect 
System B from any overvoltages which might exist. Both 
buffers may be replaced with current-limiting resistors, 
however power consumption is increased and propagation 
delays are lengthened. 


3. Outputs that are subject to voltage levels above Vcc or 


below GND should be protected with a series resistor and/ 
or clamping diodes to limit the current to an acceptable 
level. 


POWER SUPPLY 


BATTERY TRICKLE 
RECHARGE 





| 


Figure 7. Battery Backup System 
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Figure 8. Battery Backup Interface 





MOTOROLA HIGH-SPEED CMOS LOGIC DATA 


4-7 











Cpp POWER CALCULATION 


Power consumption for HSCMOS Is dependent on the 
power-supply voltage, frequency of operation, Internal ca- 
pacitance, and load. The power consumption may be calcu- 
lated for each package by summing the quiescent power 
consumption, Icc*Vcc, and the switching power required by 
each device within the package. For large systems, the most 
timely method is to bread-board the circuit and measure the 
current required under a variety of conditions. 

The device dynamic power requirements can be calculated 
by the equation: 

Pp =(CL_+Cpp) Vcc2f 
where: Pp= power dissipated in ».W 

C= total load capacitance present at the output in 

pF 
Cpp= a measure of internal capacitances, called 
power dissipation capacitance, given in pF 
Vcc = supply voltage in volts 
f= frequency in MHz 


If the devices are tested at a sufficiently high frequency, the 
dc supply current contributes a negligible amount to the overall 
power consumption and can therefore be ignored. For this 
reason, the power consumption is measured at 1 MHz and the 
following formula is used to determine the device’s Cpp value: 


Icc (dynamic) 
Cpep =e -CL 
ccef 


The resulting power dissipation is calculated using Cpp as 
follows under no-load conditions. 


(HC) Pp=CppVcc2f+Vecicc 


(HCT) Pp=CppVcc2f+Vecicc+AlecVcc 
(54 +69+... +6n) 


where the previously undefined variable, 5, is the duty cycle 


of each input applied at TTL/NMOS levels. 


The power dissipation for analog switches switching digital 
signals is the following: 


(HC) Pp=CppVcc2fin + (Cs +CL)Vec4fourt Vecicc 


where: Cs= digital switch capacitance, and 
fout= output frequency 


In order to determine the Cpp of a single section of a device 
(i.e., one of four gates, or one of two flip-flops in a package), 
Motorola uses the following procedures as defined by JEDEC. 
Note: “biased’’ as used below means “‘tied to Vcc or GND.” 


Gates: Switch one input while the remaining in- 
put(s) are biased so that the output(s) 
switch. 

Latches: Switch the enable and data inputs such that 
the latch toggles. 

Flip-Flops: Switch the clock pin while changing the 


data pin(s) such that the output(s) change 
with each clock cycle. 


Decoders/ 


Switch one address pin which changes two 


Demultiplexers: outputs. | 

Data Selectors/ Switch one address Input with the corre- 

Multiplexers: sponding data Inputs at opposite logic levels 
so that the output switches. 

Analog Switch one address/select pin which 

Switches: changes two switches. The switch inputs/ 
outputs should be left open. For digital ap- 
plications where the switch inputs/outputs 
change between Vcc and GND, the re- 
spective switch capacitance should be 
added to the load capacitance. 

Counters: Switch the clock pin with the other inputs 
biased so that the device counts. 

Shift Switch the clock while alternating the input 
Registers: ° so that the device shifts alternating 1s and 
Os through the register. 

Transceivers: Switch only one data input. Place trans- 

ceivers in a single direction. 
Monostables: The pulse obtained with a resistor and no 
external capacitor is repeatedly switched. 
Parity Switch one input. 
Generators: 
Encoders: Switch the lowest priority output. 
Display Switch one input so that approximately one- 
Drivers: half of the outputs change state. 
ALUs/Adders: Switch the least significant bit. The re- 


maining inputs are biased so that the device 
is alternately adding 0000 (binary) or 0001 
(binary) to 1111 (binary). 


On HSCMOS data sheets, Cpp is a typical value and is 


given either for the package or for the individual device (i.e., 
gates, flip-flops, etc.) within the package. An example of cal- 
culating the package power requirement is given using the 
74HCO00, as shown in Figure 9. 

From the data sheet: 


Icc = 2 pA at room temperature (per package) 
Cpp = 22 pF per gate 
Pp= (Cpp+ CLIVec2f+Vecicc 
Pp1 = (22 pF +50 pF)(5 vi2(4 %Hz) =1.8 pW 
Pp2= (22 pF +50 pF)(5 V)2(1 MHz) = 1800 .W 
Pp3= (22 pF)(5 V)2(0 Hz) =0 pW 
Pp4= (22 pF)(5 V)2(0 Hz) =0 pW 
Pp(total) = Veclcc + Pp1+Pp2+ Pp3+Pp4 
= 10 wW+18 pW + 1800 pW+0 pW 


= 1812 wW 
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Figure 9. Power Consumption Calculation Example 


As seen by this example, the power dissipated by CMOS 
devices is dependent on frequency. When operating at very 
high frequencies, HSCMOS devices can consume as much 
power as LSTTL devices, as shown in Figure 10. The power 
savings of HSCMOS is realized when used in a system where 
only a few of the devices are actually switching at the system 
frequency. The power consumption savings comes from the 
fact that for CMOS, only the devices that are switching con- 
sume significant power. 
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Figure 10. Power Consumption vs. Input Frequency 
for TTL, LSTTL, ALS, and HSCMOS 


INPUTS 


A basic knowledge of input and output structures is essential 
to the HSCMOS designer. This section deals with the various 
input characteristics and application rules regarding their use. 
Output characteristics are discussed in the section titled 
Outputs. 

All standard HC, HCU and HCT inputs, while in the rec- 
ommended operating range (GND <Vjn = VCC), can be mod- 
eled as shown in Figure 11. For input voltages in this range, 
diodes D1 and D2 are modeled as resistors representing the 
high-impedance of reverse biased diodes. The maximum input 
current is 1 1A, worst case over temperature, when the inputs 
are at Vcc or GND, and Vcc=6 V. 


Vec 


R1 =R2=HIGH Z 





Figure 11. Input Model for GND <Vin=Vcc 


When CMOS inputs are left open-circuited, the inputs may 
be biased at or near the typical CMOS switchpoint of 
0.45 Vcc for HC devices or 1.3 V for HCT devices. At this 
switchpoint, both the P-channel and the N-channel transistors 
are conducting, causing excess current drain. Due to the high 
gain of the buffered devices (see Figure 12), the device can 
go into oscillation from any noise in the system, resulting in 
even higher current drain. 


Vout: OUTPUT VOLTAGE (V) 





Vine INPUT VOLTAGE (V} 


Figure 12. Typical Transfer Characteristics 
for Buffered Devices 


For these reasons, all unused HC/HCT inputs should be 
connected either to Vcc or GND. For applications with inputs 
going to edge connectors, a 100 kQ resistor to GND should 
be used, as well as a series resistor (Rs) for static protection 
and current limiting (see Handling Precautions, this chapter, 
for series resistor consideration). The resistors should be con- 


figured as in Figure 13. 
A 2 


100 kQ 


FROM 
EDGE 
CONNECTOR 


Figure 13. External Protection 
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For inputs outside of the recommended operating range, 
the CMOS input is modeled as in Figure 14. The enhanced 
resistor-diode protection network allows the user greater 
freedom when designing a worst case system. 

Current flows through diode D1 or D2 whenever the input 
voltage exceeds Vcc or drops below GND enough to for- 
ward bias either D1 or D2. The device inputs are guaranteed 
to withstand from GND ~—1.5 V to Vcc +1.5 V and a max- 
imum current of 20 mA. If this maximum rating is exceeded, 
the device could go into a latch-up condition. (See CMOS 
Latch Up, this chapter.) Voltage should never be applied 
to any input or output pin before power has been applied 
to the device’s power pins. Bias on input or output pins 
should be removed before removing the power. However, 
if the input current is limited to less than 20 mA, and this 
current only lasts for a brief period of time (<100 ms), no 
damage to the device occurs. 

Another specification that should be noted is the maxi- 
mum input rise (t-) and fall (t¢) times. Figure 15 shows the 
results of exceeding the maximum rise and fall times rec- 
ommended by Motorola or contained in JEDEC Standard 
No. 7A. The reason for the oscillation on the output is that 
as the voltage passes through the switching threshoid 
region with a slow rise time, any noise that is on the input 
line is amplified, and is passed through to the output. This 
oscillation may have a low enough frequency to cause suc- 
ceeding stages to switch, giving unexpected results. If input 
rise or fall times are expected to exceed the maximum 
specified rise or fall times, Schmitt-triggered devices such 
as Motorola’s HC14 and HC132 are recommended. 


OUTPUTS 


All HSCMOS outputs, with the exception of the HCU04, 
are buffered to ensure consistent output voltage and cur- 
rent specifications across the family. All buffered outputs 





2 pF 


. ii 


Figure 14. Input Model for Vi, >Vcc or Vin< GND | 


have guaranteed output voltages of Vo, = 0.1 V and VoH 
= Vcc — 0.1 V for [lout] = 20 uA (<20 HSCMOS loads). 
The output drives for standard drive devices are such that 
54HC/HCT and 74HC/HCT devices can drive ten LSTTL loads 
and maintaina Vo, = 0.4V and Voy = Vcc — 0.8V across 
the full temperature range; bus-driver devices can drive 
fifteen LSTTL loads under the same conditions. 

The outputs of all HSCMOS devices are limited to exter- 
nally forced output voltages of —0.5 = Voy = Vcc +0.5 V. 
For externally forced voltages outside this range a latch up 
condition could be triggered. (See CMOS Latch Up, this 
chapter.) 

The maximum rated output current given on the indi- 
vidual data sheets is 25 mA for standard outputs and 35 mA 
for bus drivers. The output short circuit currents of these 
devices typically exceed these limits. The outputs can, how- 
ever, be shorted for short periods of time for logic testing, 
if the maximum package power dissipation is not violated. 
(See individual data sheets for maximum power dissipation 
ratings.) 

For applications that require 8 driving high capacitive loads 
where fast propagation delays are needed (e.g., driving 
power MOSFETs), devices within the same package may 
be paralleled. Paralleling devices in different packages may 
result in devices switching at different points on the input 
voltage waveform, creating output short circuits and yield- 
ing undesirable output voltage waveforms. 

As a design aid, output characteristic curves are given 
for both P-channel source and N-channel sink currents. The 
curves given include expected minimum curves for 
TA = 25°C, 85°, and 125°C, as well as typical values for 
Ta = 25°C. For temperatures <25°C, use the 25°C curves. 
These curves, Figures 16 through 27, are intended as design 
aids, not as guarantees. Unused output pins should be 
open-circuited (floating). 
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Figure 15. Maximum Rise Time Violation 
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STANDARD OUTPUT CHARACTERISTICS 
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Figure 18. Vgg =4.5 V 
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Figure 20. Vgs =6.0 V 
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Figure 17. Vgg = -2.0 V 
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Figure 19. Vgg=-4.5V 
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Figure 21. Vgsg= -6.0 V 


*The expected minimum curves are not guarantees but are design aids. 
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BUS-DRIVER OUTPUT CHARACTERISTICS 
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Figure 22. Ves =2.0V 
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Figure 24. Vgg=4.5 V 
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Figure 26. VGs =6.0 V 
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Figure 23. V@sg= -2.0 V 
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Figure 25. Vgs= -4.5 V 
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*The expected minimum curves are not guarantees, but are design aids. 


MOTOROLA HIGH-SPEED CMOS LOGIC DATA 


4-12 


3-STATE OUTPUTS 


Some HC/HCT devices have outputs that can be placed 
into a high-impedance state. These 3-state output devices are 
very useful for gang connecting to a common line or bus. 
When enabled, these output pins can be considered as ordinary 
Output pins; as such, all specifications and precautions of 
standard output pins should be followed. When disabled (high- 
impedance state), these outputs can be modeled as in Fig- 
ure 28. Output leakage current (10 »A worst case over tem- 
perature) as well as 3-state output capacitance must be con- 
sidered in any bus design. 

When power is interrupted to a 3-state device, the bus 
voitage is forced to between GND and VCC +0.7 V regardless 
of the previous output state. 


Vec 
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Figure 28. Model for Disabled Outputs 


OPEN-DRAIN OUTPUTS 


Motorola provides several devices that are designed only to 
sink current to GND. These open-drain output devices are 
fabricated using only an N-channel transistor and a diode to 
Vcc (Figure 29). The purpose of the diode is to provide ESD 
protection. Open-drain outputs can be modeled as shown in 
Figure 30. 
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Figure 29. Open-Drain Output 
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Figure 30. Model of Open-Drain Output 


INPUT/OUTPUT PINS 


Some HC/HCT devices contain pins that serve both as in- 
puts and outputs of digital logic. These pins are referred to as 
digital 1/O pins. The logic level applied to a control pin de- 
termines whether these |/O pins are selected as inputs or 
outputs. 

When I/O pins are selected as outputs, these pins may be 
considered as standard CMOS outputs. When selected as 
inputs, except for an increase in input leakage current and 
input capacitance, these pins should be considered as standard 
CMOS inputs. These increases come from the fact that a digital 
1/O pin is actually a combination of an input and a 3-state 
output tied together (see Figure 31). 

As stated earlier, all HC/HCT inputs must be connected to 
an appropriate logic level. This could pose a problem if an 
1/0 pin is selected as an input while connected to an improperly 
terminated bus. 

Motorola recommends terminating HC/HCT-type buses 
with resistors to Vcc or GND of between 1 kQ to 1 MQ in 
value. The choice of resistor value is a trade-off between speed 
and power consumption (see Bus Termination, this chapter). 

Some Motorola devices have analog |/O pins. These analog 
1/O pins should not be confused with digital 1/O pins. Analog 
1/O pins may be modeled as in Figure 32. These devices can 
be used to pass analog signals, as well as digital signals, in 
the same manner as mechanical switches. 


0 


INTERNAL 
CIRCUITRY 


Figure 31. Typical Digital I/O Pin 
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= GND OR Ver 
Figure 32. Analog I/O Pin 


BUS TERMINATION 


Because buses tend to operate in harsh, noisy environments, 
most bus lines are terminated via a resistor to Vcc or ground. 
This low impedance to Vcc or ground (depending on pref- 
erence of a pull-up or pull-down logic level) reduces bus noise 
pickup. In certain cases a bus line may be released (put in a 
high-impedance state) by disabling all the 3-state bus drivers 
(see Figure 33). In this condition all HC/HCT inputs on the 
bus would be allowed to float. A CMOS input or I/O pin (when 
selected as an input) should never be allowed to float. (This 
is one reason why an HCT device may not be a drop-in re- 
placement of an LSTTL device.) A floating CMOS input can 
put the device into the linear region of operation. In this region 
excessive current can flow and the possibility of logic errors 
due to oscillation may occur (see Inputs, this chapter). Note 


_that when a bus is properly terminated with pull-up resistors, 


HC devices, instead of HCT devices, can be driven by an 
NMOS or LSTTL bus driver. HC devices are preferred over 
HCT devices in bus applications because of their higher low- 
level input noise margin. (With a 5 V supply the typical HC 
switch point is 2.3 V while the switch point of HCT is only 
1.3 V.) 

Some popular LSTTL bus termination designs may not work 
for HSCMOS devices. The outputs of HSCMOS may not be 
able to drive the low value of termination used by some buses. 
(This is another reason why an HCT device may not be a drop- 
in replacement for an LSTTL device.) However, because low 
power operation is one of the main reasons for using CMOS, 
an optimized CMOS bus termination is usually advantageous. 





BUS 


(a) USING A PULL-UP RESISTOR 






ENABLE INPUT 
(HIGH = 3-STATE) 


ENABLE INPUT 
(LOW = 3-STATE) 


Figure 33. Typical Bus Line with 3-State Bus Drivers 


The choice of termination resistances is a trade-off between 
speed and power consumption. The speed of the bus is a 
function of the RC time constant of the termination resistor 
and the parasitic capacitance associated with the bus. Power 
consumption is a function of whether a pull-up or pull-down 
resistor is used and the output state of the device that has 
control of the bus (see Figure 34). The lower the termination 
resistor the faster the bus operates, but more power is con- 
sumed. A large value resistor wastes less power, but slows 
the bus down. Motorola recommends a termination resistor 
value between 1 kQ and 1 MQ. An alternative to a passive 
resistor termination would be an active-type termination (see 
Figure 35). This type termination holds the last logic level on 
the bus until a driver can once again take control of the bus. 
An active termination has the advantage of consuming a min- 
imal amount of power. Most HC/HCT bus drivers do not have 
built-in hysteresis. Therefore, heavily loaded buses can slow 
down rise and fail signals and exceed the input rise/fall time 
defined in JEDEC Standard No. 7A. In this event, devices with 


' Schmitt-triggered inputs should be used to condition these 


slow signals. 


Vec BUS 


(H) 





(b) USING A PULL-DOWN RESISTOR 


Figure 34 
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BUS LINES ENABLE 


Figure 35. Using Active Termination (HC125) 


TRANSMISSION LINE TERMINATION 


When data is transmitted over long distances, the line on 
which the data travels can be considered a transmission line. 
(Long distance is relative to the data rate being transmitted.) 
Examples of transmission lines include high-speed buses, long 
PCB lines, coaxial and ribbon cables. All transmission lines 
should be properly terminated into a low-impedance termi- 
nation. A low-impedance termination helps eliminate noise, 
ringing, overshoot, and crosstalk problems. Also a low-imped- 
ance termination reduces signal degradation because the small 
values of parasitic line capacitance and inductance have lesser 
effect on a low-impedance line. 

The value of the termination resistor becomes a trade-off 
between power consumption, data rate speeds, and trans- 
mission line distance. The lower the resistor value, the faster 
data can be presented to the receiving device, but the more 
power the resistor consumes. The higher the resistor value, 
the longer it will take to charge and discharge the transmission 
line through the termination resistor (T= ReC). 

Transmission line distance becomes more critical as data 
rates increase. As data rates increase, incident (and reflective) 
waves begin to resemble that of RF transmission line theory. 
However, due to the nonlinearity of CMOS digital logic, con- 
ventional RF transmission theory is not applicable. 

HC devices are preferred over HCT devices due to the fact 
that HC devices have higher switch points than HCT devices. 
This higher switch point allows HC devices to achieve better 
incident wave switching on lower impedance lines. 

HC/HCT may not have enough drive capability to interface 
with some of the more popular LSTTL transmission lines. 
(Possible reason why an HCT device may not be a drop-in 
replacement of an equivalent TTL device.) This does not pose 
a major problem since having larger value termination resistors 
is desirable for CMOS type transmission lines. 

By increasing the termination resistance value, the CMOS 
advantage of low power consumption can be realized. 
Motorola recommends a minimum termination resistor value 
as shown in Figure 36. The termination resistor should be as 
close to the receiving unit as possible. Another method of 


terminating the line driver, as well as the receiving unit, is 
shown in Figure 37. Note that the resistor values in Figure 37 
are twice the resistor value of Figure 36; this gives a net equiv- 
alent termination value of Figure 36. Even higher values of 
resistors may be used for either termination method. This 
reduces power consumption, but at the expense of speed and 
possible signal degradation. 





HSCMOS HSCMOS 
(LINE DRIVER) (RECEIVER) 
R1=1.5 kQ 
—— R2 = 1.0 kQ 


Figure 36. Termination Resistors at the Receiver 


Vec 


Vec 





R1=R3=3.0 kO 
oy ™  —-R2=R4=2 kO 


Figure 37. Termination Resistors at 
Both the Line Driver and Receiver 


CMOS LATCH UP 


Typically, HSCMOS devices do not latch up with currents 
of 75 mA forced into or out of the inputs or 300 mA for the 
outputs under worst case conditions (Ta = 125°C and Vcc = 
6 V). Under dc conditions for the inputs, the input protection 
network typically fails, due to grossly exceeding the maximum 
input voltage rating of —1.5 to Vcc +1.5 V before latch-up 
currents are reached. For most designs, latch up will not be 
a problem, but the designer should be aware of it, what causes 
it, and how it can be prevented. 

Figure 38 shows the layout of a typical CMOS inverter and 
Figure 39 shows the parasitic bipolar devices that are formed. 
The circuit formed by the parasitic transistors and resistors is 
the basic configuration of a silicon controlled rectifier, or SCR. 
In the latch-up condition, transistors Q1 and Q2 are turned 
on, each providing the base current necessary for the other 
to remain in saturation, thereby latching the device on. Unlike 
a conventional SCR, where the device is turned on by applying 
a voltage to the base of the NPN transistor, the parasitic SCR 
is turned on by applying a voltage to the emitter of either 
transistor. The two emitters that trigger the SCR are the same 
point, the CMOS output. Therefore, to latch up the CMOS 
device, the output voltage must be greater than Vcc. + 0.5 V 
or less than —0.5 V and have sufficient current to trigger the 
SCR. The latch-up mechanism is similar for the inputs. 

Once a CMOS device is latched up, if the supply current is 
not limited, the device can be destroyed or its reliability can 
be degraded. Ways to prevent such an occurrence are listed 
below. 
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1. Industrial controllers driving relays or motors is an envi- 
ronment in which latch up is a potential problem. Also, the 
ringing due to inductance of long transmission lines in an 
industrial setting could provide enough energy to latch up 
CMOS .devices. Opto-isolators, such as Motorola’s 
MOC3011, are recommended to reduce chances of latch 
up. See the Motorola Semiconductor Master Selection 
Guide for a complete listing of Motorola opto-isolators. 

. Ensure that inputs and outputs are limited to the maximum 
rated values. ; 


~1.5<VinsVCC+1.5 V referenced to GND 

—0.5 =Vout=Vcct+0.5 V referenced to GND 
llin| $20 mA 

llout| $25 mA for standard outputs 

Hout] <35 mA for bus-driver outputs 


3. If voltage transients of sufficient energy to latch up the 


device are expected on the inputs or outputs, external pro- 
tection diodes can be used to clamp the voltage. Another 


P-CHANNEL 





P-CHANNEL 
OUTPUT 





N— SUBSTRATE 


method of protection is to use a series resistor to limit the 
expected worst case current to the maximum ratings value. 
See Handling Precautions for other possible protection 
circuits and a discussion of ESD prevention. 


. Sequence power supplies so that the inputs or outputs of 


HSCMOS devices are not active before the supply pins are 
powered up (e.g., recessed edge connectors and/or series 
resistors may be used in plug-in board applications). 


. Voltage regulating and filtering should be used in board 


design and layout to ensure that power supply lines are free 
of excessive noise. 


. Limit the available power supply current to the devices that 


are subject to latch-up conditions. This can be accom- 
plished with the power-supply filtering network or with a 
current-limiting regulator. 


RECOMMENDED READING 


Paul Mannone, “Careful Design Methods Prevent CMOS 
Latch-Up”, EDN, January 26, 1984. 


- INPUT 


OUTPUT 


FIELD OXIDE 


N-CHANNEL 





N-CHANNEL 
OUTPUT 











FIELD OXIDE 










Figure 38. CMOS Wafer Cross Section 


P-CHANNEL OUTPUT Q1 


P— WELL RESISTANCE 





N— SUBSTRATE RESISTANCE 


N-CHANNEL OUTPUT 


Figure 39. Latch-Up Circuit Schematic 
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MAXIMUM POWER DISSIPATION 


The maximum power dissipation for Motorola HSCMOS 
packages is 750 mW for both ceramic and plastic DIPs and 
500 mW for SOIC packages. The deratings are — 10 mW/°C 
from 65°C for plastic DIPs, —10 mW/°C from 100°C for 
ceramic packages, and — 7 mW/°C from 65°C for SOIC pack- 
ages. This is illustrated in Figure 40. 


Pp, MAXIMUM PACKAGE POWER DISSIPATION (mW) 





Ta, AMBIENT TEMPERATURE (°C) 


Figure 40. Maximum Package Power 
Dissipation versus Temperature 


Internal heat generation in HSCMOS devices comes from 
two sources, namely, the quiescent power and dynamic power 
consumption. 

In the quiescent state, either the P-channel or N-channel 
transistor in each complementary pair is off except for small 
source-to-drain leakage due to the inputs being either at Vcc 
or ground. Also, there are the small leakage currents flowing 
in the reverse-biased input protection diodes and the parasitic 
diodes on the chip. The specification which takes all leakage 
into account is called Maximum Quiescent Supply Current (per 
package), or Icc, and is shown on all data sheets. 

The three factors which directly affect the value of quiescent 
power dissipation are supply voltage, device complexity, and 
temperature. On the data sheets, Icc is specified only at 
Vcc =6.0 V because this is the worst-case supply voltage 
condition. Also, larger or more complex devices consume more 

quiescent power because these devices contain a proportion- 
ally greater reverse-biased diode junction area and more off 
(leaky) FETs. 

Finally, as can be seen from the data sheets, temperature 
increases cause Icc increases. This is because at higher tem- 
peratures, leakage currents increase. 


HC QUIESCENT POWER DISSIPATION 


When HC device inputs are virtually at Vcc or GND potential 
(as in a totally CMOS system), quiescent power dissipation is 
minimized. The equation for HC quiescent power dissipation 
is given by: 


Pp=Vcclcc 


Worst-case Icc occurs at Vcc =6.0 V. The value of Icc at 
Vcc =6.0 V, as specified in the data sheets, is used for all 
power supply voltages from 2 to 6 V. 


HCT QUIESCENT POWER DISSIPATION 


Although HCT devices belong to the CMOS family, their 
input voltage specifications are identical to those of LSTTL. 
HCT parts can therefore be either judiciously substituted for 
or mixed with LS devices in a system. 

TTL output voltages are Vo, =0.4 V (max) and Voy =2.4 
to 2.7 V (min). 

Slightly higher Icc current exists when an HCT device is 
driven with Voy =90.4 V (max) because this voltage is high 
enough to partially turn on the N-channel transistor. However, 
when being driven with a TTL VoyH, HCT devices exhibit large 
additional current flow (Alc) as specified on HCT device data 
sheets. Alcc current is caused by the off-rail input voltage 
turning on both the P and N channels of the input buffer. This 
condition offers a relatively low impedance path from V¢c¢ to 
GND. Therefore, the HCT quiescent power dissipation is de- 
pendent on the number of inputs applied at the TTL Vip logic 
voltage level. 

The equation for HCT quiescent power dissipation is given 
by: 


Pp=!ccVcc t+ AlccVcc 
where 7 =the number of inputs at the TTL Vj} level. 


HC AND HCT DYNAMIC POWER DISSIPATION 


Dynamic power dissipation is calculated in the same way 
for both HC and HCT devices. The three major factors which 
directly affect the magnitude of dynamic power dissipation are 
load capacitance, internal capacitance, and switching transient 
currents. 

The dynamic power dissipation due to capacitive loads is 
given by the following equation: 


Pp=C.LVcc2f 


where Pp=power in wW, CL=capacitive load in pF, 
Vcc = supply voltage in volts, and f = output frequency driving 
the load capacitor in MHz. 

All CMOS devices have internal parasitic capacitances that 
have the same effect as external load capacitors. The mag- 
nitude of this internal no-load power dissipation capacitance, 
Cpp, is specified as a typical value. 

Finally, switching transient currents affect the dynamic 
power dissipation. As each gate switches, there is a short 
period of time in which both N- and P-channel transistors are 
partially on, creating a low-impedance path from Vcc to 
ground. As switching frequency increases, the power dissi- 
pation due to this effect also increases. 

The dynamic power dissipation due to Cpp and switching 
transient currents is given by the following equation: 


Pp=CppVcc4F 
Therefore, the total dynamic power dissipation is given by: 


Pp =(CL+Cpp)Vcc2f 
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Total power dissipation for HC and HCT devices is merely 
a summation of the dynamic and quiescent power dissipation 
elements. When being driven by CMOS logic voltage levels 
(rail to rail), the total power dissipation for both HC and HCT 
devices is given by the equation: — 


Pp=Vccicct+(CL+Cpp)Vcc2f 


When being driven by LSTTL logic voltage levels, the total 

power dissipation for HCT devices is given by the equation: 
Pp=Vcclicct Vecdlccls, + 62+... +5) 

+(CL+Cpp)Vcc2f 


where dn = duty cycle of LSTTL output applied to each input 
of an HCT device. 


CAPACITIVE LOADING EFFECTS 
ON PROPAGATION DELAY 


In addition to temperature and power-supply effects, ca- 
pacitive loading effects should be taken into account. The 
additional propagation delay may be calculated if the short 
circuit current for the device is known. Expected minimum 
numbers may be determined from Table 2. 

From the equation 





fa Cdv> 
dt 
this approximation follows: 
is CAV 
At 
so At= ou 
- Ree C(0.5 Vcc) 


because the propagation delay is measured to the 50% point 
of the output waveform (typically 0.5 Vcc). 


This equation gives the general form of the additional prop- 
agation delay. To calculate the propagation delay of a device 
for a particular load capecancs: C., the following equation 
may be used. 

tpT =tp+0.5 Vcc (CL -50 »F/log 
where tpT= total propagation delay 
tp= specified propagation delay with 50 pF load 
C._= actual load capacitance 
los = short circuit current (Table 2) 


An example is given here for tpy, of the 74HCO00 driving a 
150 pF load. 


Vcc =4.5 V 
tPHL (50 pF) = 18 ns 
Ci. = 150 pF 
los =17.3 mA 


tou) (150 pF) =18 ns + 10:5(4.5. V(150 pF — 50 pF) 
PHL (150 pF) =18 ns ry 


= 18 ns+13 ns 
=31 ns 


Another example for Ci. =0 pF and all other parameters the 
same. 


F) = (0.5)(4.5 V)(0 pF — 50 pF) 
tPHL (0 pF)=18 ns+ ak 


= 18 ns+(—6.5 ns) 
tPHL= 11.5 ns 


This method gives the expected propagation delay and is in- 
tended as a design aid, not as a guarantee. 


Table 2. ae Minimum Short Circuit Currents* 






fParameter 


Output Short Circuit Source Current 
Output Short Circuit Sink Current 


ies 
35.2 


1.55 
ae 





rape fe |e we we we] OM 


*These values are intended as design aids, not as guarantees. 


1.83 1.80 3.75 

15.0 13.4 37.0 200 : 2 8 

28.0 24.6 70.6 
1.55 
12.5 z12 : aoe 6 | 
23.2 re : 36.5 
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TEMPERATURE EFFECTS ON 
DC AND AC PARAMETERS 


One of the inherent advantages of CMOS devices is that 
characteristics of the N- and P-channel transistors, such as 
drive current, channel resistance, propagation delay, and out- 
put transition time, track each other over a wide temperature 
range. Figure 41 shows the temperature relationships for these 
parameters. To illustrate the effects of temperature on noise 
margin, Figure 42 shows the typical transfer characteristics for 
devices with buffered inputs and outputs. Note that the typical 
switch point is at 45% of the supply voltage and is minimally 
affected by temperature. 

The graphs in this section are intended to be design aids, 
not guarantees. 


—_ 


NORMALIZED TO 25°C VALUE 


7 
Rey tPLey tPHL tTLHs tTHL —--—= 


TYPICAL Ik. !oL- tPLH tPHL> tTLH tTHL» Re, 


0 5 100 
Ta, AMBIENT TEMPERATURE (°C) 


Figure 41. Characteristics of Drive Current, 
Channel Resistance, and AC Parameters 
Over Temperature 


Vout, OUTPUT VOLTAGE {V) 





3.0 
Vine INPUT VOLTAGE (V) 


2.0 


Figure 42. Temperature Effects on the HC 
Transfer Characteristics 





lon. lop, TYPICAL OUTPUT DRIVE CURRENT 


tpLH. tpyt. TYPICAL PROPAGATION DELAY 


SUPPLY VOLTAGE EFFECTS ON DRIVE 
CURRENT AND PROPAGATION DELAY 


The transconductive gain, Ioyt/Vin, of MOSFETs is pro- 
portional to the gate voltage minus the threshold voltage, 
VG-VT. The gate voltage at the input of the final stage of 
buffered devices is approximately the power supply voltage, 
Vcc or GND. Because VG=Vcc or GND, the output drive 
current is proportional to the supply voltage. Propagation de- 
lays for CMOS devices are also affected by the power supply 
voltage, because most of the delay is due to charging and 
discharging internal capacitances. Figures 43 and 44 show the 
typical variation of current drive and propagation delay, nor- 
malized to Vcc =4.5 V for 2.0<VcC<6.0 V. These curves 
may be used with the tables on each data sheet to arrive at 
parametric values over the voltage range. 


(NORMALIZED TO 4.5 V NUMBER) 





4.0 5.0 
Vec, POWER SUPPLY VOLTAGE (V) 


Figure 43. Drive Current versus Vcc 


(NORMALIZED TO 4.5 V NUMBER) 


Led 
a 
a ae 
beled 
ad 
i 
ee 
Pea 





3.0 4.0 5.0 
Voc, POWER SUPPLY VOLTAGE (V) 


Figure 44. Propagation Delay versus Vcc 
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DECOUPLING CAPACITORS 


The switching waveforms shown in Figures 45 and 46 show 
the current spikes introduced to the power supply and ground 
lines. This effect is shown for a load capacitance of less than 


‘5 pF and for 50 pF. For ideal power supply lines with no series 


impedance, the spikes would pose no problem. However, 
actual power supply and ground lines do possess series imped- 
ance, giving rise to noise problems. For this reason, care should 
be taken in board layouts, ensuring low impedance paths to 
and from logic devices. 

To absorb switching spikes, the following HSCMOS deiites 
should be bypassed with good quality 0.022 uF to 0.1 pF 
decoupling capacitors: 

1. Bypass every device driving a bus with all outputs switching 
simultaneously. 

2. Bypass all synchronous counters. 

3. Bypass devices used as oscillator elements. 

4. Bypass Schmitt-trigger devices with slow input rise and fall 
times. The slower the rise and fall time, the larger the PyDee? 
capacitor. Lab experimentation is suggested. 


_INTERFACING 


HSCMOS devices have a wide operating voltage range 
(VCC =2 to 6 V) and sufficient current drive to interface with 


most other logic families available today. In this section, var- 


Bypass capacitors should be distributed over the circuit - 


board. In addition, boards could be decoupled with a 1 uF 
capacitor. 








BUFFERED DEVICE: INPUT t,, t-<500 ns, C= 50 pF 


Figure 46. Switching Currents for Cy =50 pF 


ious interface schemes are given to aid the designer (see Fig- 
ures 47 through 52). The various types of CMOS devices with 
their input/output levels and comments are given in Table 3. 

Motorola presently has available several CMOS memories 
and microprocessors (see Table 4) which are designed to di- 
rectly interface with High-Speed CMOS. With these devices 
now available, the designer has an attractive alternative to 
LSTTL/NMOS, and a total HSCMOS system is now possible. 
(See SG102, CMOS System IC Selection Guide, for more 
information.) 

Device designators are as follows: 


HC This is a high-speed CMOS device with CMOS input 


HCU 


HCT 


switching levels and buffered CMOS outputs. The num- 
bering of devices with this designator follows the LSTTL 
numbering sequence. These devices are functional and 
pinout equivalents of LSTTL devices (e.g., HC0O0, 
HC688, etc.). Exceptions to this are devices that are 
functional and pinout equivalents to metal-gate CMOS 
devices (e.g., HC4002, HC4538, etc.). 


This is an unbuffered high-speed CMOS device with only 

one stage between the input and output. Because this 

is an unbuffered device, input and output levels may 

differ from buffered devices. At present, the family con- 
tains only one unbuffered device, the HCU04. 


This is a high-speed CMOS device with an LSTTL-to- 
CMOS input buffer stage. These devices are designed 
to interface with LSTTL outputs operating at 
Vcc=5 V +10%. HCT devices have fully buffered 
CMOS outputs that directly drive HSCMOS or LSTTL 


devices. 


Vec 





GND 


DIRECT 
INTERFACE 


HC OR HCT 
~ DEVICE 


LSTTL 
DEVICE: 


Figure 47. HC to LSTTL Interfacing 


Vcc 


GND 
DIRECT HCT 


INTERFACE DEVICE 


LSTTL 
DEVICE 


Figure 48. LSTTL to HCT Interfacing 
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Vec Vpp = 3-15 V* Vec = 2-6 V 





GND 
LSTTL 
itl eet ae STANDARD MC 14049UB/14050B HC a 
CMOS OR DEVICE 
Figure 49. LSTTL to HC Interfacing eee 
*VOH must be greater than Vij of low voltage Device: Vpp =3-18 V 
may be used if interfacing to 14049UB/14050B. 
V J : 
° ” Figure 51. High Voltage CMOS to HSCMOS 
Vecpp Vooce 
GND GND 
LSTTL C4049 HC 
DEVICE OR DEVICE 
HC4050 
Fi GND GND 
igure 50. LSTTL to Low-Voltage HSCMOS HSCMOS/ MC14504B STANDARD CMOS/ 


STANDARD CMOS HSCMOS 


Figure 52. Up/Down Level Shifting Using. 
the MC14504B 





Table 3. Interfacing Guide 


Comments 

LSTTL Functional and Pinout Equivalent Devices 
CMOS Functional and Pinout Equivalent Devices 
Used in Linear Applications 

HSCMOS Device with TTL-to-CMOS Input Buffering 


HC4049, —0.5<Vjns15 V CMOS High-to-Low Level Translators, CMOS Switching Levels 

HC4050 
MC14049UB —0.5<Vjn<18 V CMOS Metal-Gate CMOS High-to-Low Level Translators, CMOS Switching Levels 
MC14050B 


MC14504B CMOS or TTL CMOS Metal-Gate CMOS High-to-Low or Low-to-High Level Translator 





Table 4. CMOS Memories and Microprocessors 


CMOS Memories CMOS Microprocessors 


MCM6147 MC68HCO01 MC146805G2 RECOMMENDED READING 

MCM61L47 MC68HC03 MC146805H2 

MCM68HC34 MC68HC11A8 MC1468705F2 S. Craig, “Using High-Speed CMOS Logic for Microprocessor 
MC68HC11D4 MC1468705G2 Interfacing’’, Application Note-868, Motorola Semiconductor 
MC68HC811A2 MC68HC05C4 Products Inc., 1982. 
MC68HC811D4 MC68HSC05C4 
MC68HC04P3 MC68HCO5C8 
MC146805E2 MC68HC805C4 
MC146805F2 MC68HC000 





[ERAS reorient 
MOTOROLA HIGH-SPEED CMOS LOGIC DATA 


4-2) 








TYPICAL PARAMETRIC VALUES 


Given a fixed voltage and temperature, the electrical char- 
acteristics of High-Speed CMOS devices depend primarily on 
design, layout, and processing variations inherent in semi- 
conductor fabrication. 

Apreliminary evaluation of each device type essentially guar- 
antees that the design and layout of the device conforms to 
the criteria and standards set forth in the design goals. With 
very few exceptions, device electrical parameters, once es- 
tablished, do not vary due to design and layout. 

Of much more concern is processing variation. A digital 
processing line is allowed to deviate over a fairly broad pro- 
cessing range. This allows the manufacturer to incur reduced 
processing costs. These reduced processing costs are passed 
on to the consumer in the form of lower device prices. 

Processing variation is the range from worst case to best 
case processing and is defined as the process window. This 
window is established with the aid of statistical process control 
(SPC). With SPC, when a processing parameter approaches 
the process window limit, that parameter is adjusted toward 
the middle of the window. This keeps process variations within 
a predetermined tolerance. 

Motorola characterizes each device type over this process 
window. Each device type is characterized by allowing ex- 
perimental lots to be processed using worst case and best case 
processing. The worst case processed lots usually determine 
the minimum or maximum guaranteed limit. (Whether the limit 
is a guaranteed minimum or maximum depends on the par- 
ticular parameter being measured.) 

In production, these limits are guaranteed by probe and final 
test and therefore appear independent of process variation to 
the end user. However, this does not hold true for the mean 
value of the total devices processed. The mean value, com- 
monly referred to as a typical value, shifts over processing and 
therefore varies from lot to lot or even wafer to wafer within 
a lot. 

As with all processing or manufacturing, the total devices 
being produced fit the normal distribution or bell curve of 
Figure 53. In order to guarantee a valid typical value, a typical 
number plus a tolerance, would have to be specified and tested 
(see Figure 54). However, this would greatly increase pro- 
cessing costs which would have to be absorbed by the 
consumer. 





REJECT 
REGION 





(a) 


In some cases, the device's actual values are so small that 
the resolution of the automatic test equipment determines the 
guaranteed limit. An example of this is quiescent supply current 
and input leakage current. 

Most manufacturers provide typical numbers by one of two 
methods. The first method is to simply double or halve,’ de- 
pending on the parameter, the guaranteed limit to determine 
a typical number. This would theoretically put all processed 
lots in the middle of the process window. Another approach 
to typical numbers is to use a typical value that is derived from 
the aforementioned experimental lots. However, neither 
method accurately reflects the mean value of devices any one 
consumer can expect to receive. 

Therefore, the use of typical parametric numbers for design 
purposes does not constitute sound engineering design prac- 
tice. Worst case analysis dictates the use of guaranteed min- 
imum or maximum values. The only possible exception would 
be when no guaranteed value is given. In this case a typical 
value may be used as a ballpark figure. 
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REDUCTION OF ELECTROMAGNETIC 
INTERFERENCE (EMI) 


Electromagnetic interference (EMI) and radio frequency in- 
terference (RFI) are phenomena inherent in all electrical sys- 
tems covering the entire frequency spectrum. Although the 
characteristics have been well documented, EMI remains dif- 
ficult to deal with due to numerous variables. EMI should bé 
considered at the beginning of a design, and taken into account 
during all stages, including production and beyond. 

These entities must be present for EMI to be a factor: (1) a 
source of EMI, (2) a transmission medium for EMI, and (3) a 
receiver of EMI. Several sources include relays, FM transmit- 
ters, local oscillators in receivers, power lines, engine ignitions, 
arc welders, and lighting. EMI transmission paths include 
ground connections, cables, and the space between conduc- 
tors. Some receivers of EMI are radar receivers, computers, 
and television receivers. 

For microprocessor based equipment, the source of emis- 
sions is usually a current loop on a PC board. The chips and 
their associated loop areas also function as receivers of EMI. 
The fact is that PC boards which radiate high levels of EMI 
are also more likely to act as receivers of EMI. 

All logic gates are potential transmitters and receivers of 
emissions. Noise immunity and noise margin are two criterion 
which measure a gate’s immunity to noise which could be 
caused by EMI. CMOS technology, as opposed to the other 
commonly used logic families, offers the best value for noise 
margin, and is therefore an excellent choice when considering 
EMI. 

The electric and magnetic fields associated with ICs are 
porportional to the current used, the current loop area, and 
the switching transition times. CMOS technology is preferred 
due to smaller currents. Also, the current loop area can be 
reduced by the use of surface mount packages. 
 Inasystem where several pieces of equipment are connected 
by cables, at least five coupling paths should be taken into 
account to reduce EMI. They are: (1) common ground imped- 
ance coupling (a common impedance is shared between an 
EMI source and receiver), (2) common-mode, field-to-cable 
coupling (electromagnetic fields enter the loop found by two 
pieces of equipment, the cable connecting them, and the 
ground plane), (3) differential-mode, field-to-cable coupling 
(electromagnetic fields enter the loop formed by two pieces 
of equipment and the cable connecting them), (4) crosstalk 
coupling (signals in one transmission line are coupled into 
another transmission line), and (5) a conductive path through 
power lines. 

Shielding is a means of reducing EMI. Some of the more 
commonly used shields against EMI and RFI contain stainless 
steel fiber-filled polycarbonate, aluminum flake-filled polycar- 
bonate/ABS coated with nickel and copper electrolysis plating 
or cathode sputtering, nickel coated graphite fiber, and poly- 
ester SMC with carbon-fiber veil. Several manufacturers who 
make conductive compounds and additives are listed below. 


SHIELDING MANUFACTURERS 
General Electric Co., Plastics Group, Pittsfield, MA 
Mobay Chemical Corp., Pittsburg, PA 
Wilson-Fiberfil International, Evansville, IN 
American Cyanamid Co., Wayne, NJ 
Fillite U.S.A., Inc., Huntington, WV 
Transnet Corp., Columbus, OH 


Motorola does not recommend, or in any way warrant the 
manufacturers listed here. Additionally, no claim is made that 
this list is by any means complete. 


RECOMMENDED READING 


D. White, K. Atkinson, and J. Osburn, “Taming EMI in Mi- 
croprocessor Systems’’, /EEE Spectrum, Vol. 22, Number 12, 
Dec. 1985. 


D. White and M. Mardiguian, EM/ Control Methodology and 
Procedures, 1985. 


H. Denny, Grounding for the Control of EMI. 

M. Mardiguian, How to Control Electrical Noise. 

D. White, Shielding Design Methodology and Procedures. 
For more information on this subject, contact: 


Interference Control Technologies 

Don White Consultants, Inc., Subsidiary 
State Route 625 

P.O. Box D 

Gainesville, VA 22065 


HYBRID CIRCUIT GUIDELINES 


High-Speed CMOS devices, when purchased in chip (die) 
form, are useful in hybrid circuits. Most high-speed devices 
are fabricated with P wells and N substrates. Therefore, the 
substrates should be tied to Vcc (+supply). 

Several devices however, are fabricated with N wells and P 
substrates. In this case, the substrates should be tied to GND. 
The best solution to alleviate confusion about the substrate is 
the use of nonconductive or insulative substrates. This averts 
the necessity of tying the substrate off to either Vcc or GND. 

For more information on hybrid technology, contact: 


International Society for Hybrid Microelectronics 
P.O. Box 3255 
Montgomery, AL 36109 
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SCHMITT-TRIGGER DEVICES 


Schmitt-trigger devices exhibit the effect of hysteresis. Hys- 
teresis is characterized by two different switching threshold 
levels, one for positive-going input transitions and the other 
for negative-going input transitions. 

Schmitt triggers offer superior noise immunity when com- 
pared to standard gates and inverters. Applications for Schmitt 
triggers include line receivers, sine to square wave converters, 
noise filters, and oscillators. Motorola offers six versatile 
Schmitt-trigger devices in the High-Speed CMOS logic family 
(see Table 5). . 

The typical voltage transfer characteristics of a standard 
CMOS inverter and a CMOS Schmitt-trigger inverter are com- 
pared in Figures 55 and 56. The singular transfer threshold of 
the standard inverter is replaced by two distinct thresholds in 
a Schmitt-trigger inverter. During a positive-going transition 
of Vin, the output begins to go low after the V7 + threshold 
is reached. During a negative-going Vjp transition, Vout begins 
to go high after the V7 — threshold is reached. The difference 
between V7 + and VT— is defined as Vy, the hysteresis 
voltage. 

As a direct result of hysteresis, Schmitt-trigger circuits pro- 
vide excellent noise immunity and the ability to square up 
signals with long rise and fall times. Positive-going input noise 
excursions must rise above the VT + threshold before they 
affect the output. Similarly, negative-going input noise ex- 
cursions must drop below the V7T— threshold before they 
affect the output. 

The HC132 can be used as a direct replacement for the HCOO 
NAND gate, which does not have Schmitt-trigger capability. 
The HC132 has the same pin assignment as the HC00. Schmitt- 
trigger logic elements act as standard logic elements in the 
absence of noise or slow rise and fall times, making direct 
substitution possible. 

Versatility and low cost are attractive features of CMOS 
Schmitt triggers. With six Schmitt triggers per HC14 package, 
one trigger can be used for a noise elimination application 
while the other five function as standard inverters. Similarly, 
each of the four triggers in the HC132 can be used as either 
Schmitt triggers or NAND gates or some combination of both. 


Vec 


Vout 


Vin Vee 


Figure 55. Standard Inverter Transfer Characteristic 


Vout 





0 Vec 
Vin 


Figure 56. Schmitt-Trigger 
Inverter Transfer Characteristic 


Table 5. Schmitt-Trigger Devices 


Hex Schmitt-Trigger Inverter 
Hex Schmitt-Trigger Inverter 


Quad 2-Input NAND Gate with Schmitt-Trigger 
Inputs 





HC vs. HCT 


Motorola’s High-Speed CMOS is intended to give the de- 
signer an alternative to LSTTL. HSCMOS, with the faster 
speed advantage over metal-gate CMOS (MC14000 series) and 
the lower power consumption advantage over LSTTL, is an 
optimum choice for new midrange designs. With the advent 
of high-speed CMOS microprocessors and memories, the abil- 
ity to design a 100% CMOS system is now possible. 

HCT devices offer a short-term solution to the TTL/NMOS- 
to-CMOS interface problem. To achieve this interface capa- 
bility, some CMOS advantages had to be compromised. These 
compromises include power consumption, operating voltage 
range, and noise immunity. 

In most cases HCT devices are drop-in replacements of TTL 
devices with significant advantages over the TTL devices. 
However, in some cases, an equivalent HCT device may not 
replace a TTL device without some form of circuit modification. 

The wise designer uses HCT devices to perform logic level 
conversions only. In new designs, the designer wants all the 
advantages of a true CMOS system and designs using only 
HC devices. 
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OSCILLATOR DESIGN WITH HIGH-SPEED CMOS 


Oscillator design is a fundamental requirement of many sys- 
tems and several types are discussed in this section. In general, 
an oscillator is comprised of two parts: an active network and 
a feedback network. The active network is usually in the form 
of an amplifier, or an unbuffered inverter, such as the HCU04. 
The feedback network is mainly comprised of resistors, ca- 
pacitors, and depending upon the application, a quartz crystal 
or ceramic resonator. 

Buffered inverters are never recommended in oscillator ap- 
plications due to their high gain and added propagation delay. 
For this reason Motorola manufactures the HCU04, which is 
an unbuffered hex inverter. 

Oscillators for use in digital systems fall into two general 
categories, RC oscillators and crystal or ceramic resonator 
oscillators. Crystal oscillators have the best performance, but 
are more costly, especially for nonstandard frequencies. RC 
oscillators are more useful in applications where stability and 
accuracy are not of prime importance. Where high perfor- 
mance at low frequencies is desired, ceramic resonators are 
sometimes used. 


RC OSCILLATORS 


The circuit in Figure 57 shows a basic RC oscillator using 
the HCU04. When the input voltage of the first inverter reaches 
the threshold voltage, the outputs of the two inverters change 
state, and the charging current of the capacitor changes di- 
rection. The frequency at which this circuit oscillates depends 
upon R1 and C. The equation to calculate these component 
values is given in Figure 57. 

Certain constraints must be met while designing this type 
of oscillator. Stray capacitance and inductance must be kept 
to a minimum by placing the passive components as close to 
the chip as possible. Also, at higher frequencies, the HCU04’s 


1/6 HCU04 


116 HCUD4 BUFFER 






2R1<sR2510 R1 
C=100 pF 
1 kO<sR1<51 MQ 


fose= TATE 


Figure 57. RC Oscillator 


propagation delay becomes a dominant effect and affects the 
cycle time. A polystyrene capacitor Is recommended for op- 
timum performance. 


CRYSTAL OSCILLATORS 


Crystal oscillators provide the required stability and accuracy 
which is necessary In many applications. The crystal can be 
modeled as shown in Figure 58. 

The power dissipated in a crystal is referred to as the drive 
level and is specified in mW. At low drive levels, the resonant 
resistance of the crystal can be so large as to cause start-up 
problems. To overcome this problem, the amplifier (inverter) 
should provide enough amplification, but not too much as to 
overdrive the crystal. 

Figure 59 shows a Pierce crystal oscillator circuit, which is 
a popular configuration with CMOS. 


1/8 HCU04 


1/6 HCU04 
OSCout} 










BUFFER 





TT" 


Figure 59. Pierce Crystal Oscillator Circuit 


Choosing R1 


Power is dissipated in the effective series resistance of the 
crystal. The drive level specified by the crystal manufacturer 
is the maximum stress that a crystal can withstand without 
damage or excessive shift in frequency. R1 limits the drive 
level. 

To verify that the maximum dc supply voltage does not 
overdrive the crystal, monitor the output frequency at Osc Out 
2. The frequency should increase very slightly as the dc supply 
voltage is increased. An overdriven crystal decreases in fre- 
quency or becomes unstable with an increase in supply volt- 
age. The operating supply voltage must be reduced or R1 must 
be increased in value if the overdriven condition exists. The 
user should note that the oscillator start-up time is proportional 
to the value of R1. 


Rs Ls Cs 
1 2 1 2 1 Re Xe 2 
o——[]-—0 = = 0—Ww—_} —-0 
Co 


Values are supplied by the crystal manufacturer 
(parallel resonant crystal) 


Figure 58. Equivalent Crystal Networks 
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Selecting R¢ | 

The feedback resistor (R¢) typically ranges up to 20 MQ. Rg 
determines the gain and bandwidth of the amplifier. Proper 
bandwidth ensures oscillation at the correct frequency plus 
roll-off to minimize gain at undesirable frequencies, such as 
the first overtone. Rf must be large enough so as not to affect 
the phase of the feedback network in an appreciable manner. 


RECOMMENDED READING 


D. Babin, “Designing Crystal Oscillators’’, Machine Design, 
March 7, 1985. | 


D. Babin, “‘Guidelines for Crystal Oscillator Design’’, Machine 
Design, April 25, 1985. 


PRINTED CIRCUIT BOARD LAYOUT 


Noise generators on the power supply lines should be de- 
coupled. The two major sources of noise on the power supply 
lines are peak current in output stages during switching and 
the charging and discharging of parasitic capacitances. 

A good power distribution network is essential before de- 
coupling can provide any noise reduction. Avoid using jumpers 
for ground and power connections; the inductance they in- 
troduce into the lines permits coupling between outputs. 
Therefore, use of PC boards with premanufactured ground 
connections is advised to connect the device pins to ground. 

However, the optimum solution is to use multi-layer PC 
boards where different layers are used for the supply rails and 
interconnections. Even with double-sided boards, placing the 
power and ground lines on opposite sides of the board when- 
ever possible is recommended. The multi-wire board is a less 
expensive approach than the multi-layer PC board, while re- 
taining the same noise reduction characteristics. As a rule of 
thumb, there should be several ground pins per connector to 
give good ground distribution. 

The precautions for ground lines also apply to Vcc lines: 
1) separate power stabilization for each board; 2) isolate noise 
sources; and 3) avoid the use of large, single voltage regulators. 

After all of these precautions, decoupling is an added mea- 
sure to reduce supply noise. See the Decoupling Capacitors 
section. 


GLOSSARY OF TERMS 


Cin Input Capacitance — The parasitic capacitance as- 
sociated with a given input pin. 


CL. Load Capacitance — The capacitor value which loads 
each output during testing and/or evaluation. This ca- 
pacitance is assumed to be attached to each output 
in a system. This includes all wiring and stray 
capacitance. 

Court Output Capacitance — The capacitance associated 
with a three-state output in the high-impedance state. 

Cpp Power Dissipation Capacitance — Used to deter- 
mine device dynamic power dissipation, i.e., 
Pp=CppVcc2f+Vccicc. See POWER SUPPLY 
SIZING for a discussion of Cpp. | 
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fmax Maximum Clock Frequency — The maximum clock- 
ing frequency attainable with the following input and 
output conditions being met: 


Input Conditions — (HC) t;=t¢=6 ns, voltage swing 
from GND to Vcc with 50% duty cycle. (HCT) 
ty=ts=6 ns, voltage swing from GND to 3.0 V with 
50% duty cycle. | 
Output Conditions — (HC and HCT) waveform must 
swing from 10% of (VoH-—VOL) to 90% of 
(VoH — VOL) and be functionally correct under the 
given load condition: Cy =50 pF, all outputs. 


Vcc Positive Supply Voltage — + dc supply voltage (ref- 
erenced to GND). The voltage range over which ICs 
are functional. 


Vin Input Voltage — DC input voltage (referenced to 
GND). | 


Vout Output Voltage — DC output voltage (referenced to 
GND). 


Vid Minimum High Level Input Voltage — The worst 
case voltage that is recognized by a device as the HIGH 
state. 


Vi Maximum Low Level Input Voltage — The worst 
case voltage that is recognized by a device as the LOW 
state. 


VoH Minimum High Level Output Voltage — The worst 
case high-level voltage at an output for a given output 
current (Igy) and supply voltage (Vcc). 


VoL Maximum Low Level Output Voltage — The worst 
case low-level voltage at an output for a given output 
current (Ioyt) and supply voltage (Vcc). 


V+ Positive-Going Input Threshold Voltage — The 
minimum input voltage of a device with hysteresis 
which is recognized as a high level. (Assumes ramp 
up from previous low level.) 


VrT— Negative-Going Input Threshold Voltage — The 
maximum input voltage of a device with hysteresis 
which is recognized as a low level. (Assumes ramp 
down from previous high level). 


VH Hysteresis Voltage — The difference between VT + 
and VT — of a given device with hysteresis. A measure 
of noise rejection. 


Icc IC Quiescent Supply Current — The current into 
the Vcc pin when the device inputs are static at VCC 
or GND and outputs are not connected. 


Alcc Additional Quiescent Supply Current — The cur- 
rent into the Vcc pin when one of the device inputs 
is at 2.4 V with respect to GND and the other inputs 
are static at Vcc or GND. The outputs are not 
connected. 


lin Input Current — The current into an input pin with 
the respective input forced to Vcc or GND. A negative 
sign indicates current is flowing out of the pin (source). 
A positive sign or no sign indicates current is flowing 
into the pin (sink). 


lout Output Current — The current out of an output pin. 
A negative sign indicates current is flowing out of the 
pin (source). A positive sign or no sign indicates current 
is flowing into the pin (sink). 
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NH 


IOH 
IOL 


10z 


tPLH 


tPHL 


tPLZ 


tPHZ 


tPZL 


tPZH 


tTLH 


Input Current (High) — The input current when the 
input voltage is forced to a high level. 


Input Current (Low) — The input current when the 
input voltage is forced to a low level. 


Output Current (High) — The output current when 
the output voltage is at a high level. 


Output Current (Low) — The output current when 
the output voltage is at a low level. 


Three-State Leakage Current — The current into or 
out of a three-state output in the high-impedance state 
with that respective output forced to Vcc or GND. 


Low-to-High Propagation Delay (HC) — The time 
interval between the 0.5 Vcc level of the controlling 
input waveform and the 50% level of the output wave- 
form, with the output changing from low level to high 
level. (HCT) — The time interval between the 1.3 V 
level (with respect to GND) of the controlling input 
waveform and the 1.3 V level (with respect to GND) 
of the output waveform, with the output changing 
from low level to high level. 


High-to-Low Propagation Delay (HC) — The time 
interval between the 0.5 Vcc level of the controlling 
input waveform and the 50% level of the output wave- 
form, with the output changing from high level to low 
level. (HCT) — The time interval between the 1.3 V 
level (with respect to GND) of the controlling input 
waveform and the 1.3 V level (with respect to GND) 
of the output waveform, with the output changing 
from high level to low level. 


Low-Level to High-lmpedance Propagation Delay 
(Disable Time) — The time interval between the 0.5 
Vcc level for HC devices (1.3 V with respect to GND 
for HCT devices) of the controlling input waveform 
and the 10% level of the output waveform, with the 
output changing from the low level to high-impedance 
(off) state. 


High-Level to High-impedance Propagation Delay 
(Disable Time) — The time interval between the 0.5 
Vcc level for HC devices (1.3 V with respect to GND 
for HCT devices) of the controlling input waveform 
and the 90% level of the output waveform, with the 
output changing from the high level to high-impedance 
(off) state. 


High-Impedance to Low-Level Propagation Delay 
(Enable Time) — The time interval between 0.5 Vcc 
level (HC) or 1.3 V level with respect to GND (HCT) 
of the controlling input waveform and the 50% level 
(HC) or 1.3 V level with respect to GND (HCT) of the 
output waveform, with the output changing from the 
high-impedance (off) state to a low level. 


High-Impedance to High-Level Propagation Delay 
(Enable Time) — The time interval between the 0.5 
Vcc level (HC) or 1.3 V level with respect to GND 
(HCT) of the controlling input waveform and the 50% 
level (HC) or 1.3 V level with respect to GND (HCT) 
of the output waveform, with the output changing 
from the high-impedance (off) state to a high level. 


Output Low-to-High Transition Time — The time 
interval between the 10% and 90% voltage levels of 
the rising edge of a switching output. 


tTHL Output High-to-Low Transition Time — The time 


tsu 


th 


trec 


tw 


ty 


tf 


interval between the 90% and 10% voltage levels of 
the falling edge of a switching output. 


Setup Time — The time interval immediately pre- 
ceeding the active transition of a clock or latch enable 
input, during which the data to be recognized must 
be maintained (valid) at the input to ensure proper 
recognition. A negative setup time indicates that the 
data at the input may be applied sometime after the 
active clock or latch transition and still be recognized. 
For HC devices, the setup time is measured from the 
50% level of the data waveform to the 50% level of 
the clock or latch input waveform. For HCT devices, 
the setup time is measured from the 1.3 V level (with 
respect to GND) of the data waveform to the 1.3 V 
level (with respect to GND) of the clock or latch input 
waveform. 


Hold Time — The time interval immediately following 
the active transition of a clock or latch enable input, 
during which the data to be recognized must be main- 
tained (valid) at the input to ensure proper recognition. 
A negative hold time indicates that the data at the 


_ input may be changed prior to the active clock or latch 


transition and still be recognized. For HC devices, the 
hold time is measured from the 50% level of the clock 
or latch input waveform to the 50% level of the data 
waveform. For HCT devices, the hold time is measured 
from the 1.3 V level (with respect to GND) of the clock 
or latch input waveform to the 1.3 V level (with respect 
to GND) of the data waveform. 


Recovery Time (HC) — The time interval between 
the 50% level of the transition from active to inactive 
state of an asynchronous control input and the 50% 
level of the active clock or latch enable edge required 
to guarantee proper operation of a device. (HCT) — 
The time interval between the 1.3 V level (with respect 
to GND) of the transition from active to inactive state 
of an asynchronous control input and the 1.3 V level 
(with respect to GND) of the active clock or latch edge 
required to guarantee proper operation of a logic 
device. 


Pulse Width (HC) — The time interval between 50% 
levels of an input pulse required to guarantee proper 
operation of a logic device. (HCT) — The time interval 
between 1.3 V levels (with respect to GND) of an input 
pulse required to guarantee proper operation of a logic 
device. 


Input Rise Time (HC) — The time interval between 
the 10% and 90% voltage levels on the rising edge of 
an input signal. (HCT) — The time interval between 
the 0.3 V level and 2.7 V level (with respect to GND) 
on the rising edge of an input signal. 


Input Fall Time (HC) — The time interval between 
the 90% and 10% voltage levels on the falling edge of 
an input signal. (HCT) — The time interval between 
the 2.7 V level and 0.3 V level (with respect to GND) 
on the falling edge of an input signal. 
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MOTOROLA 


= SEMICONDUCTOR 
TECHNICAL DATA 


ViC54/74HCOOA 
Advance Information : 


Quad 2-Input NAND Gate | aan 


High-Performance Silicon-Gate CMOS CASE 632-08 


The MC54/74HCOOA is identical in pinout to the LSOO. The device inputs 
are compatible with standard CMOS outputs; with pullup resistors, they 
are compatible with LSTTL outputs. 


® Output Drive Capability: 10 LSTTL Loads 

Outputs Directly Interface to CMOS, NMOS, and TTL 

Operating Voltage Range: 2.0 to 6.0 V 

Low Input Current: 1.0 uA 

High Noise Immunity Characteristic of CMOS Devices D SUFFIX 

In Compliance with the Requirements Defined by JEDEC Standard . SOIC 

No. 7A me CASE 751A-02 

Chip Complexity: 32 FETs or 8 Equivalent Gates 

Improvements over HCO0 

@ Improved Propagation Delays ORDERING INFORMATION 

@ 50% Lower Quiescent Power 

@ Improved Input Noise and Latchup Immunity MC74HCXXAN Plastic 
MC54HCXXAJ Ceramic 
MC74HCXXAD- SOIC 


Ta = —55° to 125°C for all packages. 
LOGIC DIAGRAM Dimensions in Chapter 6. 





N SUFFIX 
PLASTIC 
CASE 646-06 


PIN ASSIGNMENT 





Y2 
B2 
Y = AB 

A3 
ee 7 
nm —2 ia 
Bie = 

PIN 14 = Voc 

PIN7 = GND 





This document contains information on a new product. Specifications and information herein are subject to change without notice. 
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MC54/74HCO0A 


MAXIMUM RATINGS* 


circuitry to guard against damage 

=. +7. ; . 
Vcc DC Supply Voltage (Referenced to GND) 0.5 to 0 due to high static voltages or elec- 
Vin DC Input Voltage (Referenced to GND) —1.5 to Vcc +1.5 tric fields. However, precautions 





a must be taken to avoid applica- 
DC Output Voltage (Referenced to GND) 0.5 to Vcc + 0.5 V tidné of any Voltaae: hidher than 


DC Output Current, per Pin 


maximum rated voltages to this 
high-impedance circuit. For 
proper operation, Vjn and Vout 


DC Supply Current, Vcc and GND Pins should be constrained to the 

Power Dissipation in Still Air, Plastic or Ceramic DIP 750 mw range GND < (Vin or Vout) = Vcc. 

Unused inputs must always be 

SOIC Package 500 : : : 

tied to an appropriate logic volt- 

Storage Temperaiure age ievei (e.g., either GND or 
Lead Temperature, 1 mm from Case for 10 Seconds | eos oer SUIpUtS must: Bg 

(Plastic DIP or SOIC Package) sae 


(Ceramic DIP) 


*Maximum Ratings are those values beyond which damage to the device may occur. 
Functional operation should be restricted to the Recommended Operating Conditions. 





RECOMMENDED OPERATING CONDITIONS 


(Referenced to GND) 
Operating Temperature, All Package Types 


tr, te | Input Rise and Fall Time 
(Figure 1) 















Test Conditions 





Parameter 










Minimum High-Level Input 
Voltage 


Vout = 0.1 Vor Vcc—0.1 Vv 
lout! $20 WA 





Maximum Low-Level Input Vout =9.1 V or Vec—0.1 V 
Voltage HoutlS20 vA | 













































Minimum High-Level Output Vin = VIH or VIL 1.9 1.9 V 
Voltage llputlS20 LA 4.4 4.4 4.4 
5.9 5.9 5.9 
Vin=VIH OF ViL lloutl $4.0 MA 3.98 3.84 3.7 
outl<5-2 mA 5.48 5.34 5.2 
Maximum Low-Level Output Vin= VIH or VIL 2.0 0.1 0.1 
Voltage llout}=20 pA 4.5 0.1 0.1 


0.1 0.1 






llout|=5.2 mA 


Icc Maximum Quiescent Supply Vin=Vcc or GND pA 
Current (per Package) lout=0 vA 


Vin=VIH Or ViL 
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MC54/74HCO0A 


AC ELECTRICAL CHARACTERISTICS (C, = 50 pF, Input t, = t¢ = 6.0 ns) 


tPLH, | Maximum Propagation Delay, Input A or B to Output Y 
tPHL (Figures 1 and 2) 





| Guaranteed Limit 
Vee an to 
2.0 | 
4.5 ie if 
6.0 
2.0 75 
4.5 be 
6.0 


ea sn eee 


| Power Dissipation Capacitance (Per Gate) Typical @ 25°C, Voc = 5.0 V 
Used to determine the no-load dynamic power consumption: 
Pp = Cpp Veo% + Iec Voc i eee 


















Maximum Output Transition Time, Any Output 
(Figures 1 and 2) 























TEST POINT 














INPUT "90% Vee | ace 
pn Pare GND DEVICE 
: UNDER 
TEST C* 
OUTPUT Y [ 
"TLH "THL *Includes all probe and jig capacitance. 
Figure 1. Switching Waveforms Figure 2. Test Circuit 


EXPANDED LOGIC DIAGRAM 
(1/4 of the Device) 
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MOTOROLA 


= SEMICONDUCTOR 
TECHNICAL DATA 


Advanced Information 


Quad 2-Input NOR Gate 
High-Performance Silicon-Gate CMOS 


The MC54/74HC02A is identical in pinout to the LSO2. The device inputs are 
compatible with standard CMOS outputs; with pullup resistors, they are com- 


patible with LSTTL outputs. 


This document contains information on a new product. Specifications and information herein are subject to change without notice. 





Output Drive Capability: 10 LSTTL Loads 


Outputs Directly Interface to CMOS, NMOS, and TTL 


Operating Voltage Range: 2.0 to 6.0 V 
Low Input Current: 1.0 nA 


High Noise Immunity Characteristic of CMOS Devices 
In Compliance with the Requirements Defined by JEDEC Standard No. 7A 


Chip Complexity: 40 FETs or 10 Equivalent Gates 
Improvements over HCO2 

@ Improved Propagation Delays 

@ 50% Lower Quiescent Power 

@ Improved Input Noise and Latchup Immunity 


LOGIC DIAGRAM 


A2 
Y2 
B2 
Y= 
A3 
10 
; ¥3 
B3 
11 
Ad 
i. 3 yd 
Ba 
PIN 14 = Voc 
PIN7 = GND 
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NIC54/74HCO2A 


J SUFFIX 
CERAMIC 
CASE 632-08 


—= N SUFFIX 
, PLASTIC 

' CASE 646-06 
14 

; 


D SUFFIX 
14 R SOIC 


CASE 751A-02 


ORDERING INFORMATION 


MC74HCXXAN Plastic 
MC54HCXXAJ Ceramic 
MC74HCXXAD SOIC 


Ta = —55° to 125°C for all packages. 
Dimensions in Chapter 6. 


PIN ASSIGNMENT 











MC54/74HC02A 
MAXIMUM RATINGS* 


[Symbol] Parameter SCV 
DC Supply Voltage (Referenced to GND) ~0.5 to +7.0 
DC Input Voltage (Referenced to GND) — 1.5 to Veo +1.5 
CC 
TL 










DC Output Voltage (Referenced to GND) ~0.5 to Voc +0.5 
DC Input Current, per Pin 
DC Output Current, per Pin 

WwW 











+ 50 mA 


Lon 
iene 
lec | 0 Supply Curent, Voc and GND Fins ———~—S=dY Sei mA 


Power Dissipation in Still Air, Plastic or Ceramic DIP 
500 


SOIC Package 
~65 to +150 
(Plastic DIP or SOIC Package) 


°C 
260 
(Ceramic DIP) 300 


*Maximum Ratings are those values beyond which damage to the device may occur. 
Functional operation should be restricted to the Recommended Operating Conditions. 





Storage Temperature 











Lead Temperature, 1 mm from Case for 10 Seconds 





RECOMMENDED OPERATING CONDITIONS 


[symbot [= Parametor | ‘Min | Max | Unt] 
[Vee] BE Supply Voge Referenced to GND) ——_—~+| 20 | 60 | v_ 
[VinVout | BC input Voge, Output Voge (Referenced to GND) | 0 | Veo | V | 
 Ta_| Operaing Temperature llPaclage Toes | -s5 | +126] -c | 


ty, tf Input Rise and Fall Time Vcc = 2.0V a ‘1000 i 


(Figure 1) 500 
DC ELECTRICAL CHARACTERISTICS (Voltages Referenced to GND) 
V 
2.0 


jemi | tm 
4.5 


Minimum High-Level Input 

















Test Conditions 


Vout = 0.1 VorVcc — 0.1 V 









Voltage lout! <= 20 pA 







llout| = 4.0 mA 
llout!| < 5.2 mA 


Maximum Input Leakage Current | Vin = Vcc or GND 


Maximum Quiescent Supply Vin = Vcc = GND 
lout = 9 HA 


Current (per Package) 


Vin = VIH OF VIL 
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1.5 1.5 1.5 


3.15 








This device contains protection 
circuitry to guard against damage 
due to high static voltages or elec- 
tric fields. However, precautions 
must be taken to avoid applica- 
tions of any voltage higher than 
maximum rated voltages to this 
high-impedance circuit. For 
proper operation, Vin and Vout 
should be constrained to the 
range GND S (Vin or Vout) = Vcc: 

Unused inputs must always be 
tied to an appropriate logic volt- 
age level (e.g., either GND or 
Vcc). Unused outputs must be 
left open. 








V 


3.15 3.15 





Voltage lout] S 20 nA 
6.0 4.2 
Maximum Low-Level Input Vout = 0.1 Vor Vcc — 0.1 V 2.0 ‘ . V 
Voltage llout| < 20 pA 4.5 1.35 1.35 
6.0 
Minimum High-Level Output Vin = ViH or VIL 2.0 1.9 1.9 1.9 V 
Voltage lout] < 20 nA 4.5 4.4 4.4 4.4 
6.0 5.9 5.9 5.9 
Vin = Vin or ViL lloutl = 4.0 mA 3.98 | 3.84 3.7 
llout| < 5.2 mA 5.48 5.34 5.2 
Maximum Low-Level Output Vin = Vik or VIL 2.0 0.1 0.1 V 


01 Ei 


6.0 0.1 0.1 
she he 
0.26 0.33 0.4 


ae ee ia ace 





MC54/74HC02A 


AC ELECTRICAL CHARACTERISTICS (C, = 50 pF, Input ty = tp = 6.0 ns) 
| Guaranteed Limit Limit 
Symbol Parameter Voc agarose 
<85°C | <125°C 
tPLH, Maximum Propagation Delay, Input A or B to Output Y 2.0 100 Ue 
tPHL (Figures 1 and 2) 4.5 ‘6 20 
: 17 


Maximum Output Transition Time, Any Output 


(Figures 1 and 2) 


[Gin _[ Maximum input Capacitance ——SSSCSCSC~C~‘“~*~*é‘“d «YS tO 


Power Dissipation Capacitance (Per Gate) Typical @ 25°C, Vcc = 5.0 V 
Used to determine the no-load dynamic power consumption: 


Pp = Cpp Vcc2f + Icc Vcc 


















TEST POINT 


V 
cc OUTPUT 





30% 
nora 5 
10% 






DEVICE 
UNDER 
TEST 


— GND 


OUTPUT Y 


"TLH *Includes all probe and jig capacitance. 


Figure 1. Switching Waveforms Figure 2. Test Circuit 





EXPANDED LOGIC DIAGRAM 
(Ys of the Device) 


ne Nh | 
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aa SEMICONDUCTOR 


MOTOROLA 
TECHNICAL DATA | 


Quad 2-Input NAND Gate 


with Open-Drain Outputs 
High-Performance Silicon-Gate CMOS 


The MC54/74HC03 is identical in pinout to the LSO3. The device inputs are com- 
patible with standard CMOS outputs; with pullup resistors, they are compatible with 
LSTTL outputs. 

The HCO03 NAND gate has, as its output, a high-performance MOS N-Channel 
transistor. This NAND gate can, therefore, with a suitable pullup resistor, be used in 
wired-AND applications. Having the output characteristic curves given in this data 
sheet, this device can be used as an LED driver or in any other application that only 
requires a sinking current. 


Output Drive Capability: 10 LSTTL Loads with Suitable Pullup Resistor 
Outputs Directly Interface to CMOS, NMOS, and TTL 

Operating Voltage Range: 2 to 6 V 

Low Input Current: 1 vA 

High Noise Immunity Characteristic of CMOS Devices 

In Compliance with the Requirements Defined by JEDEC Standard No. 7A 
Chip Complexity: 28 FETs or 7 Equivalent Gates 


LOGIC DIAGRAM 


Voc 






OUTPUT 
PROTECTION 


DIODE 
: y* 





2,5,10,13 
B 


PIN 14=Vec 
PIN 7=GND 


* Denotes open-drain outputs. 











NMiC54/74HCOS 


J SUFFIX 
CERAMIC | 
CASE 632-08 


N SUFFIX 
PLASTIC 
CASE 646-06 


D SUFFIX 
soIc 
CASE 751A-02 





ORDERING INFORMATION 


MC74HCXXN Plastic 
MC54HCXXJ Ceramic 
MC74HCXXD SOIC 
Ta = —55° to 125°C for all packages. 
Dimensions in Chapter 6. 


PIN ASSIGNMENT 





Z= High Impedance 
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MC54/74HC03 


MAXIMUM RATINGS* 


Symbol 
DC Supply Voltage (Referenced to GND) —0.5 to +7.0 
DC Input Voltage (Referenced to GND) —1.5 to Voc + 1.5 
CC 













[tin [OC Input Current, per Pin SSC*dSCSC*i‘a Ym 
| Power Dissipation in Still Air, Plastic or Ceramic DIPT mW 
SOIC Packaget 500 


Storage Temperature —65 to + 150 





This device contains protection 
circuitry to guard against damage 
due to high static voltages or electric 
fields. However, precautions must 
be taken to avoid applications of any 
voltage higher than maximum rated 
voltages to this high-impedance 
circuit. For proper operation, Vj, and 
Vout should be constrained to the 
range GND <(Vjn or Vout) S$ Vcc: 

Unused inputs must always be tied 
to an appropriate logic voltage level 
(e.g., either GND or Vcc). Unused 


TL Lead Temperature, 1 mm from Case for 16 Seconds | outputs must be left open. | 
(Plastic DIP or SOIC Package) 260 
(Ceramic DIP) 300 


*Maximum Ratings are those values beyond which damage to the device may occur. 
Functional operation should be restricted to the Recommended Operating Conditions. 
tDerating — Plastic DIP: — 10 mW/°C from 65° to 125°C 
Ceramic DIP: — 10 mW/°C from 100° to 125°C 
SOIC Package: —7 mW/°C from 65° to 125°C 
For high frequency or heavy load considerations, see Chapter 4. 


RECOMMENDED OPERATING CONDITIONS 


DC Input Voltage, Output Voltage (Referenced to GND) 


Operating Temperature, All Package Types 


ty, t¢ | Input Rise and Fall Time 
(Figure 1) 





DC ELECTRICAL CHARACTERISTICS (Voltages Referenced to GND) 


Test Conditions 


Parameter “ce 


Minimum High-Level Input 
Voltage 


Vout=0.1 V, lout =9 pA or 
Vout = Vcc —9.1 V, 

Roy per Figure 2 
Maximum Low-Level Input 
Voltage 


Vout=0.1 V, lout =9 pA or 
Vout = Vcc —0.1 V, 

Roy per Figure 2 
Maximum Low-Level Output 
Voltage 


Vin=ViH or ViL 
lout! $20 pA 


llout| $4.0 mA 
lout! <5.2 mA 


Maximum Input Leakage Current | Vj; =Vcc or GND 


Vin= VIH oF VIL 


3.15 
4.2 


0.3 
0.9 


Maximum Quiescent Supply 
Current (per Package) 


Current 


NOTE: Information on typical parametric values can be found in Chapter 4. 


Maximum Three-State Leakage 


Vin= Vcc or GND 

lout =9 vA 

Output in. High-Impedance State 
Vin= Vit or ViH 

Vout= Vcc or GND 


eel cec paws] 


°o 
— 
1.5 1.5 1.5 


V 


3.15 3.15 


4.2 4.2 
|e fT 


1.2 
BRE 
0.26 0.33 0.40 
0.26 0.33 0.40 
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MC54/74HC03 


AC ELECTRICAL CHARACTERISTICS (C, =50 pF, Input t, =ts=6 ns) 













‘3 | Guaranteed Limit | Limit 

Symbol Parameter cc 

V <85°C | <125°C 

> , | Maximum Propagation Delay, Input A or B to Output Y 2.0 125 155 = 

(Figures 1 and 2) 4.5 25 : 


6.0 21 
2.0 75 Z 
(Figures 1 and 2) 4.5 15 
ea a eee 
eo Mines Maximum Input Capacitance 


Maximum Three-State Output Capacitance (Output in High-lmpedance Sa 
State) 


NOTES: 
1. For propagation delays with loads other than 50 pF, see Chapter 4. 
2. Information on typical parametric values can be found in Chapter 4. 


Power Dissipation Capacitance (Per Gate) Typical @ 25°C, Vcc =5.0 V 


Used to determine the no-load dynamic power consumption: 


Pp=Cpp Vec*f+icc Vcc 
For load considerations, see Chapter 4. 
















Maximum Output Transition Time, Any Output 











Vec 








INPUT A 
, GND ~ TEST 


DEVICE POINT 


UNDER 
TEST 


HIGH 
IMPEDANCE 





C,* 
OUTPUT Y 





10% —VoL 


IK 


Figure 1. Switching Waveforms * Includes all probe and jig capacitance. 


Figure 2. Test Circuit 


TYPICAL 


Ip. SINK CURRENT, (mA) 





Vg, OUTPUT VOLTAGE, (VOLTS) 


*The expected minimum curves are not guarantees, 
but are design aids. 


Figure 3. Open-Drain Output Characteristics 





MOTOROLA HIGH-SPEED CMOS LOGIC DATA 
5-10 


MC54/74HC03 


TYPICAL APPLICATIONS 


Wired AND 


Voc 


PULLUP 
RESISTOR 


OUTPUT 


Output = Y1eY2e...eYn 


= A1B1°A2B2e...eAnBn 





An Y, Yn 


Bn HCO3 


LED Driver with Blanking 





Design Example 


A Conditions: Ip = 10 mA 






LED 1 
Using Figure 3 typical curve, @ Ip=10 mA, Vps= 0.4 V 
iia MCG SE= NO 
LED 2 ID 
a 5V-1.7 V-0.4V 
10 mA 
= 290 0 
_ LED Use R = 2700 
ENABLE 
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MOTOROLA 


a SEMICONDUCTOR 
TECHNICAL DATA 





NIC54/74HC04 


Hex Inverter : 


High-Performance Silicon-Gate CMO ee s sure 
| hy MY CASE 632-08 
The MC54/74HC04 is identical in pinout to the LS04 and the MC14069. The 14 
1 


- device inputs are compatible with standard CMOS outputs; with pullup resistors, 
they are compatible with LSTTL outputs. 


This device consists of six three-stage inverters. See the HC9034 for nine inverters N SUFFIX 
in one package. ise 
Output Drive Capability: 10 LSTTL Loads i 
1 
1 


Outputs Directly Interface to CMOS, NMOS, and TTL 

Operating Voltage Range: 2 to 6 V 

Low Input Current: 1 nA 

High Noise Immunity Characteristic of CMOS Devices 

In Compliance with the Requirements Defined by JEDEC Standard No. 7A 
Chip Complexity: 36 FETs or 9 Equivalent Gates | 


D SUFFIX 
SOIC 
CASE 751A-02 


ORDERING INFORMATION 


MC74HCXXN Plastic 
MC54HCXXJ Ceramic 
MC74HCXXD SOIC 


TA = —55° to 125°C for all packages. 
Dimensions in Chapter 6. 





LOGIC DIAGRAM 


PIN ASSIGNMENT 


Al Yi 


A2. Y2 


A3 Y3 


ry 





FUNCTION TABLE 


PIN 7 = GND 


L H 
H L 





NOT RECOMMENDED FOR NEW DESIGN. 
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MC54/74HC04 


MAXIMUM RATINGS* 


DC Supply Voltage (Referenced to GND) -0.5 to +7.0 _— ae 
DC Input Voltage (Referenced to GND) — 1.5 to Voc +1.5 EW 
lin 
loc | mA | 





This device contains protection 
circuitry to guard against damage 
due to high static voltages or electric 
fields. However, precautions must 
be taken to avoid applications of any 
voltage higher than maximum rated 
voltages to this high-impedance 
circuit. For proper operation, Vij and 


















DC Output Voltage (Referenced to GND) ~0.5 to Voc + 0.5 
Vout should be constrained to the 


: V 
: V 
: V 
tin [OC Input Curent, perin SSS t|mw 
Ipc [DC Supply Current, Voc and GND Pins «| —*| mA 
ey Power Dissipation in Still Air, Plastic or Ceramic DIPT range GND S(Vjn or Vout) =Vecc: 
SOIC Packaget 500 Unused inputs must always be tied 
ae eee 


4 


Th Lead Téinpeéraiure, 7 rim from Case for 10 Seconds | outputs must be left open. | 
(Plastic DIP or SOIC Package) 260 
(Ceramic DIP) 300 


* Maximum Ratings are those values beyond which damage to the device may occur. 
Functional operation should be restricted to the Recommended Operating Conditions. 
tDerating — Plastic DIP: —10 mW/°C from 65° to 125°C 
Ceramic DIP: — 10 mW/°C from 100° to 125°C 
SOIC Package: —7 mW/°C from 65° to 125°C 
For high frequency or heavy load considerations, see Chapter 4. 


RECOMMENDED OPERATING CONDITIONS 


Symbol | Parameter | Min’ | Max | Unit _| 
DC Supply Voltage (Referenced to GND) | 20 | 6o | ve 
DC Input Voltage, Output Voltage (Referenced to GND) | o | Veo | ve] 


Operating Temperature, All Package Types | -55 | +125 | °c | 
tr, tf Input Rise and Fall Time 1000 ns 
(Figure 1) 500 
400 
DC ELECTRICAL CHARACTERISTICS (Voltages Referenced to GND) . 
? 
Symbol Parameter Test Conditions CC ° 
” vi | PC to | <gse¢ | <125°C 
-—55°C 
VIH Minimum High-Level Input Vout = 0.1 V 2.0 1.5 V 
4.5 3.15 
6.0 4.2 | 
0.3 





























































Maximum Low-Level Input Vout=Vcc—9.1 V 2.0 0.3 V 
Voltage llout| S20 pA 4.5 0.9 0.9 
6.0 1.2 lez 
Minimum High-Level Output Vin= VIL 2.0 1.9 1.9 1.9 Vv 
Voltage lout] $20 vA 4.5 4.4 4.4 4.4 
6.0 5.9 5.9 5.9 
lout] $4.0 mA 3.98 3.84 3.70 
lout] $5.2 mA 5.48 5.34 5.20 
Maximum Low-Level Output Vin=VIH 0.1 V 





2.0 0.1 : 

4.5 0.1 0.1 
0.26 0.40 
0.26 3 0.40 

reo] sor | s10 | 210 


Wall Malt Rail 











llout| <5.2 mA 









| lin Maximum Input Leakage Current | Vi, =Vcc or GND 


Icc Maximum Quiescent Supply Vin=Vecc or GND 
Current (per Package) lout =0 pA 


NOTE: Information on typical parametric values can be found in Chapter 4. 
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MC54/74HC04 


AC ELECTRICAL CHARACTERISTICS (C, =50 pF, Input t, = tg=6 ns) 










¥ | Guaranteed Limit | Limit 
Symbol Parameter cc 
Vv <85°C | <125°C 










tp_H. | Maximum Propagation Delay, Input A to Output Y 2.0 oe 
tPHL (Figures 1 and 2) 4.5 
6.0 a 
tTLH, | Maximum Output Transition Time, Any Output 
tTHL (Figures 1 and 2) fc 
13 s 


eg eminence | to | tor 


NOTES: 
1. For propagation delays with loads other than 50 pF, see Chapter 4. 
2. Information on typical parametric values can be found in Chapter 4. 


Power Dissipation Capacitance (Per Inverter) Typical @ 25°C, Vcc =5.0 V 


Used to determine the no-load dynamic power consumption: 


Pp=Cpp Vec*F+Icc Vec 
For load considerations, see Chapter 4. 





SWITCHING WAVEFORMS 









TEST POINT 


DEVICE 
UNDER 
TEST 





QUTPUT Y 
*Includes all probe and jig capacitance. 


Figure 1 Figure 2. Test Circuit 





EXPANDED LOGIC DIAGRAM 
(1/6 of Device Shown) 


—p-Dp 





i 
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MOTOROLA 


m= SEMICONDUCTOR 
TECHNICAL DATA 





MC54/74HCO4A 


Advance Information 


J SUFFIX 


Hex Inverter CERAMIC 


CASE 632-08 


High-Performance Silicon-Gate CMOS 


The MC54/74HCO4A is identical in pinout to the LS04 and the MC14069. The N SUFFIX 
device inputs are compatible with standard CMOS outputs; with pullup resis- PLASTIC 
tors, they are compatible with LSTTL outputs. CASE 646-06 


This device consists of six three-stage inverters. See the HC9034 for nine 
inverters in one package. 


Output Drive Capability: 10 LSTTL Loads D SUFFIX 
Outputs Directly Interface to CMOS, NMOS, and TTL SOIC 
Operating Voltage Range: 2 to 6 V CASE 751A-02 
Low Input Current: 1 pA 

High Noise Immunity Characteristic of CMOS Devices 
In Compliance with the Requirements Defined by JEDEC Standard No. 7A ORDERING INFORMATION 
Chip Complexity: 36 FETs or 9 Equivalent Gates MC74HCXXAN Plastic 


MC54HCXXAJ Ceramic 
MC74HCXXAD SOIC 


Ta = —55° to 125°C for all packages. 


Dimensions in Chapter 6. 
LOGIC DIAGRAM 





Al YI 


PIN ASSIGNMENT 


A2 Y2 


A3 Y3 


HH 





PIN 14=Voer FUNCTION TABLE 


PIN 7=GND 


Outputs 
Y 
L H 
H L 


This document contains information on a new product. Specifications and information herein are subject to change without notice. 
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— MC54/74HCO4A 


MAXIMUM RATINGS* 
Symbol 


—0.5 to +7.0 
) 
: 
| 

A 

°C 

Cc 


Parameter 


DC Supply Voltage (Referenced to GND) 


DC Input Voltage (Referenced to GND) 


Vout: 


lout 


m 
DC Output Current, per Pin m 
DC Supply Current, Vcc and GND Pins 


. . ry . ; . . - ; mW 
SOIC Packaget 


Power Dissipation in Still Air, Plastic or Ceramic DIPT 
Storage Temperature —65 to + 150 Pees 4 


Vcc 
Vin 
Icc 


This device contains protection 
circuitry to guard against damage 
due to high static voltages or electric 
fields. However, precautions must 
be taken to avoid applications of any 
voltage higher than maximum rated 
voltages to this high-impedance 


circuit. For proper operation, Vin and 
Vout should be constrained to the 
range GND $(Vjn oF Vout) S$ Vcc. 
Unused inputs must always be tied 
to an appropriate logic voltage level 
(e.g., either GND or Vcc). Unused 








outputs must be left open. 
(Plastic DIP or SOIC Package) 


(Ceramic DIP) 





Lead Temperature, 1 mm from Case for 10 Seconds 
260 
300 


* Maximum Ratings are those values beyond which damage to the device may occur. 
Functional operation should be restricted to the Recommended Operating Conditions. 
tDerating — Plastic DIP: — 10 mW/°C from 65° to 125°C 
Ceramic DIP: — 10 mW/°C from 100° to 125°C 
SOIC Package: —7 mW/°C from 65° to 125°C 


RECOMMENDED OPERATING CONDITIONS 


| Symbol] Parameter =| Min’ | Max | Unit 
|_Voc | DC Supply Voltage (Referenced toGND) || 2.0 | 60 | Vv 
DC Input Voltage, Output Voltage (Referenced to GND) | oo | vec | Vv 
[Ta [Oneratng Temperature, Al Package Types _—_—~+| =s5 | +z | -C_ 


tr, te | Input Rise and Fall Time 
(Figure 1) 



















DC ELECTRICAL CHARACTERISTICS (Voltages Referenced to GND) 


Minimum High-Level Input 
Voltage 








Voc 25°C to 
v | 
2.0 1.5 









Test Conditions jo 
Vout =9.1 V V 
llout| $20 pA 


Maximum Low-Level Input 
Voltage 


VoH | Minimum High-Level Output 
Voltage 


Vout = Vcc —0.1V 
lout] $20 pA 















< 





Vin=VIL 1.9 1.9 V 
Hlout| <20 pA 4.4 4,4 
5.9 5.9 
Hout! $4.0 mA 3.98 3.84 3.70 
lout! $5.2 mA 5.48 5.34 5.20 
















Maximum Low-Level Output Vin = VIH 2.0 V 
Voltage lout] $20 pA 4.5 
6.0 





Vin =ViIH out| <4.0 mA 0.26 
lout | =5.2 mA 0.26 0.33 0.40 
Maximum Input Leakage Current | Vin =Vcc or GND 6.0.4 +0.1 


a a i el li 


lout=9 pA 


NOTE: Information on typical parametric values and high frequency or heavy load considerations can be found in Chapter 4, 


Maximum Quiescent Supply 
Current (per Package) 
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MC54/74HCO4A 


AC ELECTRICAL CHARACTERISTICS (C, =50 pF, Input t, = t¢=6 ns) 


7 | Guaranteed Limit | Limit 
CC 
Parameter ° 
eee 
Maximum Propagation Delay, Input A to Output Y 2.0 i 


(Figures 1 and 2) 


Maximum Output Transition Time, Any Output 
(Figures 1 and 2) 





Power Dissipation Capacitance (Per Inverter) Typical @ 25°C, Voc =5.0 V 


Used to determine the no-load dynamic power consumption: 
Pp = Cpp Vcc4f + Icc Vec 





NOTE: For propagation delays with loads other than 50 pF and information on typical parametric values and load considerations, see Chapter 4. 


SWITCHING WAVEFORMS 









TEST POINT 


DEVICE 
UNDER 
TEST 





OUTPUT Y 


* Includes all probe and jig capacitance. 


Figure 1 Figure 2. Test Circuit 





EXPANDED LOGIC DIAGRAM 
(1/6 of Device Shown) 


CSc a aap aN elec eee 
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MOTOROLA 
a SEMICONDUCTOR xy RR Se ae 


TECHNICAL DATA 
NVIC54/74HCTO4A 
Advance Information | 


Hex Inverter with LSTTL- pani 
a CASE 632-08 
Compatible Inputs 
High-Performance Silicon-Gate CMOS ; 
N SUFFIX 


The MC54/74HCTO4A may be used as a level converter for interfacing TTL C - ae cleus 
or NMOS outputs to High-Speed CMOS inputs. " 
The HCTO4A is identical in pinout to the LS04. 


@ Output Drive Capability: 10 LSTTL Loads : 
@ TTL/NMOS-Compatible Input Levels D SUFFIX 
© Outputs Directly Interface to CMOS, NMOS, and TTL af SOIC 

@ Operating Voltage Range: 4.5 to 5.5 V CASE 751A-02 
@ Low Input Current: 1 uA 
@ In Compliance with the Requirements Defined by JEDEC Standard No. 7A 

@ Chip Complexity: 48 FETs or 12 Equivalent Gates lg 





MC74HCTXXAN Plastic 
MCS4HCTXXAJ Ceramic 
MC74HCTXXAD SOIC 


Ta = —55° to 125°C for all packages. 
Dimensions in Chapter 6. 





LOGIC DIAGRAM 


PIN ASSIGNMENT 


Al Y1 


A2 Y2 


A3 


ry 





PIN 14= Vec 
PIN 7=GND 





This document contains information on a new product. Specifications and information herein are subject to change without notice. 
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MC54/74HCT04A 


MAXIMUM RATINGS* 


DC Supply Voltage (Referenced to GND) 






This device contains protection 
circuitry to guard against damage 


Value 
—-0.5to +7 














oe 
0 pubvoltage (Rererenced' to: GND) 1.6 to Vecr lo fields. However, precautions must 
be taken to avoid applications of any 
: voltages to this high-impedance 
ea eco ae 
Vout should be constrained to the 
ee Power Dissipation in Still Air, Plastic or Ceramic DIPt range GND <(Vjn or Voyt) = Vcc: 
SOIC Packaget 500 Unused inputs must always be tied 
Bo encray ei 
TL Lead Temperature, 1 mm from Case for 10 Seconds outputs must be left open. 
(Plastic DIP or SOIC Package) 260 
(Ceramic DIP) 300 





* Maximum Ratings are those values beyond which damage to the device may occur. 
Functional operation should be restricted to the Recommended Operating Conditions. 
tDerating — Plastic DIP: — 10 mW/°C from 65° to 125°C 
Ceramic DIP: —10 mW/°C from 100° to 125°C 
SOIC Package: —7 mW/°C from 65° to 125°C 


RECOMMENDED OPERATING CONDITIONS 


Symbol | Parameter | Min | Max | Unit 

Vcc DC Supply Voltage (Referenced to GND) | 45 | 55 | ve 
DC Input Voltage, Output Voltage (Referenced to GND) | 0 | Vee] ve 
Ta [Operating Temperature, Al'Package Types ‘| 88 | +125 | °C 
tp t¢_[Input Rise and Fal Time (Figure 1) ———=SSSSC*dCO 




















DC ELECTRICAL CHARACTERISTICS (Voltages Referenced to GND) | 
Voc [5 
Symbol Parameter V 25°C to coon 
eee 
VIH Minimum High-Level Input Vout =0.1 V V 
Voltage Hout! =20 pA 
VIL Maximum Low-Level Input Vout= Vcc —9.1 V 0.8 0.8 0.8 V 
Voltage Hlout| S20 nA 0.8 0.8 0.8 
VoOH _ | Minimum High-Level Output Vin = VIL 4.4 V 
Voltage lout] $20 pA 3 _ 5.4 | 
Vin=VIL 
lloutiS4 MA 3.7 
VoL | Maximum Low-Level Output Vin = VIH V 
Voltage llout| S20 nA _ 0 | 
Vin=VIH 
lloutl<4 mA 
| lin __| Maximum Input Leakage Current | Vin=Vcc or GND [65 | +01 | +1 


Icc Maximum Quiescent Supply Vin=Vcc or GND 1 10 pA 
Current (per Package) lout =0 nA 4 | | 





Test Conditions 


















Additional Quiescent Supply Vin = 2.4 V, Any One Input . 25°C to 125°C 
Current Vin = Vcc or GND, Other Inputs - 
lout = 0 pA mA 


1. Information on typical parametric values along with frequency or heavy load considerations can be found in Chapter 4. 
2. Total Supply Current=Icc+2Alcc. 





NOTES: 
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MC54/74HCT04A 


AC ELECTRICAL CHARACTERISTICS (Vcc = 5.0 V + 10%, C_ = 50 pF, Input pit = ty = 6 ns) 











Parameter ee to 






Maximum Propagation Delay, Input A to Output Y 


(Figures 1 and 2) 
: ea 26 | 
tTLH. Maximum Output Transition Time, Any Output 19 
tTHL (Figures 1 and 2) 


fei ae Maximum Input Capacitance 





Power Dissipation Capacitance (Per Inverter) 


Used to determine the no-load dynamic power consumption: 
Pp = Cpp Vcc? f + Icc Vcc 


NOTE: For propagation delays with loads other than 50 pF and information on typical parametric values and load considerations, see Chapter 4. 





SWITCHING WAVEFORMS 







TEST POINT 


DEVICE 
UNDER 
TEST 







OUTPUT Y 
* Includes all probe and jig capacitance. 


Figure 1. Switching Waveforms Figure 2. Test Circuit 





EXPANDED LOGIC DIAGRAM 
(1/6 of Device Shown) 


D-DD 
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MOTOROLA 


a SEMICONDUCTOR 
TECHNICAL DATA 





NVIiC54/74HCU04 
Hex Unbuffered Inverter 


High Performance Silicon-Gate CMOS J SUFFIX 
CERAMIC 


ne Se eee CASE 632-08 
The MC54/74HCU04 is identical in pinout to the LSO4 and the MC14069UB. The 


device inputs are compatible with standard CMOS outputs; with pullup resistors, 
they are compatible with LSTTL outputs. 

This device consists of six single-stage inverters. These inverters are well suited N SUFFIX 
for use as oscillators, pulse shapers, and in many other applications requiring a PLASTIC 
high-input impedance amplifier. For digital applications, the HC04 is recommended. 


CASE 646-06 





@® Output Drive Capability: 10 LSTTL Loads 

® Outputs Directly Interface to CMOS, NMOS, and TTL 

@ Operating Voltage Range: 2 to 6 V; 2.5 to 6 V in Oscillator Configurations D SUFFIX 
@ Low Input Current: 1 A SOIC 

@® High Noise Immunity Characteristic of CMOS Devices CASE 751A-02 
@ In Compliance with the Requirements Defined by JEDEC Standard No. 7A 

@ Chip Complexity: 12 FETs or 3 Equivalent Gates ORDERING INFORMATION 


MC74HCUXXN Plastic 
MC54HCUXXJ Ceramic 
MC74HCUXXD SOIC 


Ta = —55° to 125°C for all packages. 
Dimensions in Chapter 6. 





LOGIC DIAGRAM 
PIN ASSIGNMENT 





nt Soin 
vl Sot n 
ot Soe 
Y=A 
wot 
geil 10, 
i FUNCTION TABLE 


A6 Y6 
Inputs Outputs 
PIN 14=Vec L H 
PIN 7=GND H Lb 
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MC54/74HCU04 


MAXIMUM RATINGS* 


DC Supply Voltage (Referenced to GND) -0.5 to +7.0 










DC Input Voltage (Referenced to GND) —15toVec+1.5] Vi | 
| Vout | DC Output Voltage (Referenced to GND) —0.5 to Vcc + 0.5 Le aN | 
| lin | DC Input Current, per Pin p20 | mA 
| mA 


+20 
DC Supply Current, Vcc and GND Pins + 
ie 
500 
Storage Temperature | =85t0 +150 | °C 
0 


Power Dissipation in Still Air, Plastic or Ceramic DIPT 
SOIC Packaget 
TL Lead Temperature, 1 mm from Case for 10 Seconds : 
(Plastic DIP or SOIC Package) 260 
(Ceramic DIP) 30: 
*Maximum Ratings are those values beyond which damage to the device may occur. 
Functional operation should be restricted to the Recommended Operating Conditions. 
tDerating — Plastic DIP: — 10 mW/°C from 65° to 125°C 
Ceramic DIP: — 10 mW/°C from 100° to 125°C 


SOIC Package: —7 mW/°C from 65° to 125°C 
For high frequency or heavy load considerations, see Chapter 4. 


m 
m 
m 


p50 | mA 










Vv 
V 
V 
A 
A 
A 
°C 
C 


RECOMMENDED OPERATING CONDITIONS 


TA 


ty, tg | Input Rise and Fall Time (Figure 1) 
















DC ELECTRICAL CHARACTERISTICS (Voltages Referenced to GND) 


Parameter Test Conditions 


Minimum High-Level Input 
Voltage 


Vout = 0.5 ve 
Hout] $20 nA 


Maximum Low-Level Input 
Voltage 


Vout = Vcc —0.5 ve 
Hout] $20 pA 


Minimum High-Level Output 
Voltage 


Vin = GND 
Houtl $20 pA 


2.0 
4.5 


Vin= Vcc 
lout] $20 HA 


Maximum Low-Level Output 
Voltage 


lout| 4-0 mA 
lout! <5-2 mA 


Maximum Input Leakage Current | Vin =Vcc or GND 


Maximum Quiescent Supply Vin= Vcc or GND 
Current (per Package) lout =0 pA 


Vin=Vcc 


Icc 


6.0 
NOTE: Information on typical parametric values can be found in Chapter 4. 
*For Voc =2.0 V, Vout =0.2 V or Voc —0.2 V. 


Guaranteed Limit 


° 
ee 
1.7 tek 


5.5 5.5 
3.86 3.76 
5.36 5.26 

0.2 0.2 

0.5 0.5 
0.32 0.37 
0.32 0.37 


| #01 | £10 | +10 | 


ee hcteclemead 


This device contains protection 
circuitry to guard against damage 
due to high static voltages or electric 
fields. However, precautions must 
be taken to avoid applications of.any 
voltage higher than maximum rated 
voltages to this high-impedance 


circuit. For proper operation, Vij and 
Vout Should be constrained to the 
range GND <(Vjn or Vout) = Vcc: 

Unused inputs must always be tied 
to an appropriate logic voltage level 
(e.g., either GND or Vcc). Unused 
outputs must be left open. 





<= 125°C 


3.6 
4.8 


0.3 
0.8 
1.1 


1.8 
4.0 
5.5 


3.70 
5.20 


0 
0.5 
0.5 
0 
0 


3.6 
4.8 
0.3 
0.8 
1.1 


1.8 
4.0 


3.6 
4.8 


0.3 
0.8 
1.1 


1.8 
4.0 


0.5 0.5 


2 
.40 
40 








MOTOROLA HIGH-SPEED CMOS LOGIC DATA 


5-22 


MC54/74HCU04 


AC ELECTRICAL CHARACTERISTICS (C, =50 pF, Input t,; = ts=6 ns) 
Guaranteed Limit 
Symbol Parameter “ee 25°C to 4 
_55°C <85°C | <125°C 
tpLH, | Maximum Propagation Delay, Input A to Output Y 2.0 80 100 120 
tPHL (Figures 1 and 2) 4.5 16 20 24 
6.0 14 17 20 


















4.5 









tTLH, | Maximum Output Transition Time, Any Output 2.0 75 95 110 
tTHL (Figures 1 and 2) 19 22 

Maximum Input Capacitance 

NOTES: 


1. For propagation delays with loads other than 50 pF, see Chapter 4. 
2. Information on typical parametric values can be found in Chapter 4. 


19 
10 





15 
13 
we 





6.0 
eel 


Power Dissipation Capacitance (Per Inverter) Typical @ 25°C, Vcc =5.0 V 


Used to determine the no-load dynamic power consumption: 
Pp=Cpp Vec4F+!cc Voc 
For load considerations, see Chapter 4. 





TEST POINT 











OUTPUT 





DEVICE 
UNDER 
TEST 


INPUT A 







OUTPUT Y 





tTHL tTLH * includes all probe and jig capacitance. 


Figure 1. Switching Waveforms Figure 2. Test Circuit 


LOGIC DETAIL 
(1/6 of Device Shown) 


Voc 
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MC54/74HCU04 


TYPICAL APPLICATIONS 


Crystal Oscillator Stable RC Oscillator 


R2 1/6 HCU04 1/6 HCU04 =: 1/6 HCU04 


1/6 HCU04 





Vout 


Schmitt Trigger High Input Impedance Single-Stage Amplifier 
with a 2 to 6 V Supply Range 


Ro Vcc 












1/6 HCU04 ~=—s-_1/6 HCUO4 1/6 HCUG4 
Vin Vout INPUT OUTPUT 
1M 
Multi-Stage Amplifier LED Driver 
Vcc 
+V 
1/6 HCU04 = 1/6 HCU04)~=—s 1/6 HCU04 LG 
INPUT OUTPUT 1/6 HCUG4 


For reduced power supply current, use high-efficiency LEDs 
such as the Hewlett-Packard HLMP series or equivalent. 
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MOTOROLA 


a SEMICONDUCTOR 
TECHNICAL DATA 





VIC54/74HCO8A 
Advance Information 


Quad 2-Input AND Gate ge > surrx 


. CERAMIC 

High-Performance Silicon-Gate CMOS ett CASE 632-08 
The MC54/74HCO8A is identical in pinout to the LSO8. The device inputs are 

compatible with standard CMOS outputs; with pullup resistors, they are ae 
compatible with LSTTL outputs. PLASTIC 
@ Output Drive Capability: 10 LSTTL Loads CASE 646-06 
@ Outputs Directly Interface to CMOS, NMOS, and TTL 
@ Operating Voltage Range: 2.0 to 6.0 V 
@ Low Input Current: 1.0 uA 
@ High Noise Immunity Characteristic of CMOS Devices D SUFFIX 
@ In Compliance with the Requirements Defined by JEDEC Standard No. 7A <a SOIC 
@ Chip Complexity: 24 FETs or 6 Equivalent Gates ae CASE 751A-02 
e Improvements over HC08 ; 


@ Improved Propagation Delays 


@ 50% Lower Quiescent Power ORDERING INFORMATION 
@ Improved Input Noise and Latchup Immunity 
MC74HCXXAN Plastic 
MCS4HCXXAJ Ceramic 
MC74HCXXAD- SOIC 
Ta = —55° to 125°C for all packages. 
LOGIC DIAGRAM Dimensions in Chapter 6. 





PIN ASSIGNMENT 


PIN 14 = Vcc 
PIN7 = GND 





This document contains information on a new product. Specifications and information herein are subject to change without notice. 
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MC54/74HC08A 


MAXIMUM RATINGS* | ae 


[Srmbol[ Parameter 
DC Supply. Voltage (Referenced to GND) 








This device contains protection 
circuitry to guard against damage 
due to high static voltages or elec- 
tric fields. However, precautions 
must be taken to avoid applica- 
tions of any voltage higher than 
maximum rated voltages to this 
high-impedance circuit. For 
proper operation, Vin and Vout 
should be constrained to the 
range GND < (Vin or Vout) < Vcc: 

Unused inputs must always be 
tied to an appropriate logic volt- 
age level (e.g., either GND or 
Vcc). Unused outputs must be 
left open. 


—0.5 to +7.0 






[Unit | 
| 

v 
tin [OCinput Curent perPin SS SS*Y tm 
Tec mA 
[_% [fone Deteninin ree ese rnge | mos | 
SOIC Package 500 
°C 
°C 


Storage Temperature | —65 to +150 


| Lead Temperature, 1 mm from Case for 10 Seconds 
260 
300 


(Plastic DIP or SOIC Package) 
(Ceramic DIP) 
*Maximum Ratings are those values beyond which damage to the device may occur. 
Functional operation should be restricted to the Recommended Operating Conditions. 


RECOMMENDED OPERATING CONDITIONS 


_ (Referenced to GND) 


tr, te | Input Rise and Fall Time 
(Figure 1) 


av 
es 
| Cima 
Te 











































































Guaranteed Limit 
Parameter 
<85°C | <125°C 
VIH Minimum High-Level Input Vout=0.1 V or Vcc —9.1 V 2.0 1.5 V 
Voltage lloutl=20 nA 4.5 3.15 
6.0 4.2 
VIL Maximum Low-Level Input — Vout =90.1 V or Vcc —0.1 V 2.0 0.5 0.5 Vv 
Voltage llout/ S20 vA 4.5 1.35 1.35 
6.0 1.8 1.8 
VOH Minimum High-Level Output Vin=VIH or VIL 2.0 1.9 1.9 1.9 V 
Voltage lloutl S20 wA 4.5 4.4 4.4 4.4 
6.0 5.9 5.9 5.9 
Vin = VIH or VIL loutl<4.0 mA 3.98 3.84 3.7 
lloutl<5.2 mA 5.48 5.34 5.2 
VOL Maximum Low-Level Output Vin=VIH or VIL 2.0 0.1 0.1 
Voltage lout! <20 vA 4.5 0.1 0.1 







Vin=VIH oF VIL llout|<4.0 mA 


6.0 
lia Maximum Input Leakage Current | Vjn,=Vcc or GND | 6.0 | +0. 


Icc Maximum Quiescent Supply Vin=Vcc or GND 
Current (per Package) lout=0 vA 


0.1 0.1 


+1.0 






= 
> 


oo 
. oS 


COIN N 
21 OO 
I+ 
aie 
° 
= 
> 
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MC54/74HCO08A 


Parameter 


Symbol 
<85°C | <125°C 
tpLH, | Maximum Propagation Delay, Input A or B to Output Y : 75 110 
tPHL (Figures 1 and 2) 4.5 15 22 
6.0 13 19 


tTLH. | Maximum Output Transition Time, Any Output 2.0 75 
tTHL (Figures 1 and 2) se 8 
.O 
Cin 


Maximum Input Capacitance — 10 


AC ELECTRICAL CHARACTERISTICS (C, = 50 pF, Input t, = tf = 6.0 ns) 
Vcc 
Vv 
2.0 






Power Dissipation Capacitance (Per Gate) 
Used to determine the no-load dynamic power consumption: 
Pp = Cpp Vec2f + Icc Vcc 


Typical @ 25°C, Vcc = 5.0 V 





ra ele 


TEST POINT 








'PLH 


OUTPUT 










DEVICE 
UNDER 
TEST 





OUTPUT Y 





tTHL *Includes all probe and jig capacitance. 


Figure 1. Switching Waveforms Figure 2. Test Circuit 


EXPANDED LOGIC DIAGRAM 
(1/4 of the Device) 
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MOTOROLA 


a SEMICONDUCTOR 
TECHNICAL DATA 


| MC54/74HC10 | 
Triple 3-Input NAND Gate 


High-Performance Silicon-Gate CMOS ante 


CASE 632-08 
The MC54/74HC10 is identical in pinout to the LS10. The device inputs are com- 


_patible with standard CMOS outputs; with pullup resistors, they are compatible with 
LSTTL outputs. 


® Output Drive Capability: 10 LSTTL Loads ppdles 
@ Outputs Directly Interface to CMOS, NMOS, and TTL CASE 646-06 
@ Operating Voltage Range: 2 to 6 V 

@ Low Input Current: 1 pA 

@® High Noise Immunity Characteristic of CMOS Devices 

@ In Compliance with the Requirements Defined by JEDEC Standard No. 7A D SUFFIX 
@ Chip Complexity: 36 FETs or 9 Equivalent Gates SOIC 


CASE 751A-02 


ORDERING INFORMATION 


MC74HCXXN Plastic 
MC54HCXXJ Ceramic 
MC74HCXXD SOIC 


Ta = —55° to 125°C for all packages. 
Dimensions in Chapter 6. 


LOGIC DIAGRAM 


PIN ASSIGNMENT 


Al 


C1 





A3 
p32 8 yg 
¢3 11 
PIN 14=Vec 
PIN 7 = GND 
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MC54/74HC10 


MAXIMUM RATINGS* | 


| Symbol| Parameter | Value | Uniit_| 
DC Supply Voltage (Referenced to GND) —0.5 to +7.0 aa 
DC Input Voltage (Referenced to GND) —1.5 to Vcc +1.5 a 
DC Output Voltage (Referenced to GND) —0.5 to Vcc + 0.5 fc oe 

Isc | mA 





This device contains protection 
circuitry to guard against damage 
due to high static voltages or electric 
fields. However, precautions must 
be taken to avoid applications of any 
voltage higher than maximum rated 
voltages to this high-impedance 








lout DC Output Current, per Pin 
| tcc | DC Supply Current, Vcc and GND Pins a 


50 
Power Dissipation in Still Air, Plastic or Ceramic DIPt 750 mW 
SOIC Packaget 500 


Storage Temperature —65 to +150 eC 


: V 

: V 

: V 
[tin [DC Input Current, perPin—SSSC~*idCSCi‘a | 
eae mA 
mA 


circuit. For proper operation, Vip, and 
Vout should be constrained to the 
range GND <(Vin or Vout) = Vcc: 

Unused inputs must always be tied 
to an appropriate logic voltage level 
\e.g., either GND or Vcc). Unused 
outputs must be left open. 















Lead Temperature, 1 mm from Case for 10 Seconds 
(Plastic DIP or SOIC Package) 
(Ceramic DIP) 






* Maximum Ratings are those values beyond which damage to the device may occur. 
Functional operation should be restricted to the Recommended Operating Conditions. 


tDerating — Plastic DIP: — 10 mW/°C from 65° to 125°C 
Ceramic DIP: — 10 mW/°C from 100° to 125°C 
SOIC Package: —7 mW/°C from 65° to 125°C 
For high frequency or heavy load considerations, see Chapter 4. 


RECOMMENDED OPERATING CONDITIONS 


Symbol Unit | 
DC Supply Voltage (Referenced to GND) 
DC Input Voltage, Output Voltage (Referenced to GND) 6. | Vcc 
Operating Temperature, All Package Types | -55 | +125 [| ec | 


Input Rise and Fall Time 
Vcc 
25°C to 
2.0 1.5 1.5 1.5 


(Figure 1) 
4.5 3.15 3.15 3.15 


V 
6.0 4.2 4.2 4.2 


2.0 0.3 0.3 0.3 V 
4.5 0.9 0.9 0.9 
6.0 1.2 1.2 1.2 










DC ELECTRICAL CHARACTERISTICS (Voltages Referenced to GND) 





Symbol Parameter Test Conditions 











Minimum High-Level Input 
Voltage 





Vout =0-1 V or Vec-0.1 V 
Hout| =20 nA 

















Maximum Low-Level Input 
Voltage 


lout] $20 pA 





































Minimum High-Level Output Vin= Vin or VIL 2.0 1.9 1.9 1.9 V 
Voltage outl =20 vA 4.5 4.4 4.4 4.4 
6.0 5.9 5.9 5.9 
Vin = Vin or Vib lout] $4.0 mA} 4.5 3.98 3.84 3.70 
lout] $5.2 mA} 6.0 5.48 5.34 5.20 

Maximum Low-Level Output Vin=VIH or Vit 2.0 0.1 0.1 0.1 V 
Voltage Hout| $20 vA 4.5 0.1 0.1 0.1 






6.0 0.1 0.1 0.1 
Vin = Vin oF Vib lout! <4-0 mA 0.26 0,33 0.40 
Hout] <5-2 mA 0.26 0.33 0.40 

| lin _| Maximum Input Leakage Current | Vin= Vcc or GND | 60 | 401 | +10 | 410 | pA 


Icc Maximum Quiescent Supply Vin=Vcc or GND 2 20 pA 
Current (per Package) lout =90 pA 


NOTE: Information on typical parametric values can be found in Chapter 4. 
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MC54/74HC10 


AC ELECTRICAL CHARACTERISTICS (C; =50 pF, Input t, = t¢=6 ns) 






Parameter 







Maximum Propagation Delay, Input A, B, or C to Output Y 
(Figures 1 and 2) 





Maximum Output Transition Time, Any Output 
tTHL | (Figures 1 and 2) 


| 13 
ih oneal 


NOTES: 


1. For propagation delays with loads other than 50 pF, see Chapter 4. 


2. Information on typical parametric values can be found in Chapter 4. 


Power Dissipation Capacitance (Per Gate) 


Used to determine the no-load dynamic power consumption: 


Pp=Cpp Vcc4f+icc Vcc 


| Guaranteed Limit | Limit 
Voc 25°C to 
an VJ ° ° 
55°C <85°C < 125 C | 






4.5 fF = 


2.0 Be 
. ie 
: 





Typical @ 25°C, Vcc =5.0 V 


25 





For load considerations, see Chapter 4. 


Voc 
A, B, OR C : : : : —— GND 







TEST POINT 






DEVICE 


NDER 
U o* 





TEST 





QUTPUT Y 


L 


*Includes all probe and jig capacitance. 





Th "THL 


Figure 1. Switching Waveforms Figure 2. Test Circuit 


EXPANDED LOGIC DIAGRAM 
(% of the Device) 
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MOTOROLA 


a SEMICONDUCTOR 
TECHNICAL DATA 





NMiC54/74HC11 


Triple 3-Input AND Gate 


High-Performance Silicon-Gate CMOS J SUFFIX 
CERAMIC 
The MC54/74HC11 is identical in pinout to the LS11. The device inputs are com- CASE 632-08 


patible with standard CMOS outputs; with pullup resistors, they are compatible with 
LSTTL outputs. 


© Output Drive Capability: 10 LSTTL Loads N SUFFIX 
Outputs Directly Interface to CMOS, NMOS, and TTL PLASTIC 
Operating Voitage Range: Z io 6 V CASE 646-06 
Low Input Current: 1 nA 

High Noise Immunity Characteristic of CMOS Devices 

In Compliance with the Requirements Defined by JEDEC Standard No. 7A 
Chip Complexity: 60 FETs or 15 Equivalent Gates 


D SUFFIX 
SOIC 
CASE 751A-02 





ORDERING INFORMATION 


MC74HCXXN Plastic 
MC54HCXXJ Ceramic 
MC74HCXXD SOIC 


Ta = —55° to 125°C for all packages. 
Dimensions in Chapter 6. 





PIN ASSIGNMENT 


LOGIC DIAGRAM 





1 
12 
13 
A2 ; ; 
B2 4 Y2 Y=ABC 
C2 
9 


PIN 14=Vec 
PIN 7=GND 
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~ MC54/74HC11 















This device contains protection 
circuitry to guard against damage 
due to high static voltages or electric 
fields. However, precautions must 
be taken to avoid applications of any 
voltage higher than maximum rated 
voltages to this high-impedance 


unit 
Vee [BG Supply Votage (Referenced io GND) ——=«d;~C Oto +70 | 
[Vin [DC input Votage (Referenced to GND) _—~‘[ ~tstovec+15 |v 
Vout [ BC Output Voltage (Referenced fo GND) | 0.8 to Vogr0s | V 
in [DC input Curent, porn ma 

ma 


circuit. For proper operation, Vip, and 
Vout should be constrained to the 
range GND S(Vjn or Vout) = Vcc: 

Unused inputs must always be tied 
to an appropriate logic voltage level 
(e.g., either GND or Vcc). Unused 
outputs must be left open. 


MAXIMUM RATINGS* 
+ 
+ 
+ 


vara 
V 
V 
rent, | 20 | 
DC Supply Current, Vcc and GND Pins a mA 
eC 
L °c 


i 20 
25 
i 50 
Power Dissipation in Still Air, Plastic or Ceramic DIPt 750 mW 
SOIC Packaget 500 
260 
300 


Lead Temperature, 1 mm from Case for 10 Seconds 








Storage Temperature —65 to +150 8G. | 
(Plastic DIP or SOIC Package) 


+ 
(Ceramic DIP) 


* Maximum Ratings are those values beyond which damage to the device may occur. 
Functional operation should be restricted to the Recommended Operating Conditions. 
tDerating — Plastic DIP: — 10 mW/°C from 65° to 125°C 
Ceramic DIP: — 10 mW/°C from 100° to 125°C 
SOIC Package: —7 mW/°C from 65° to 125°C 
For high frequency or heavy load considerations, see Chapter 4. 


RECOMMENDED OPERATING CONDITIONS 


| Symbol| Parameter | Min 
Vin Vout | DC input Voltage, Output Voltage (Referenced to GND) | 0 | vec |v _| 
Operating Temperature, All Package Types 


tr, tg | Input Rise and Fall Time 
(Figure 1) 




















25°C to 
1.5 1.5 — 1.5 


3.15 
















Parameter Test Conditions 


Vcc 
V 
2.0 V 


Minimum High-Level input 






Vout=0.1 V or Vcc —-0.1 V 




















Voltage lout} $20 pA 
4.2 
Maximum Low-Level input Vout =0.1 V or Voc —-90.1 V 0.3 V 






























Minimum High-Level Output Vin = Vin or Vib 2.0 1.9 1.9 1.9 V 
Voltage Hlout| $20 pA 4.5 : é ; 
6.0 5.9 5.9 5.9 
Vin= Vin or ViL lout] s4.0 mA 3.98 3.84 3.70 
Hout] $5.2 mA 5.48 5.34 5.20 
Maximum Low-Level Output Vin = Vin or VIL 2.0 0.1 0.1 V 


Voltage Hout] <20 nA 


4.5 0.1 0.1 
6.0 0.1 0.1 
Vin = Viq OF VIL lout] $4.0 mA 0.26 0.33 0.40 
lout] $5.2 mA 0.26 6.33 0.40 | 


lcc Maximum Quiescent Supply Vin=Vcc or GND 2 20 pA 
Current (per Package) lout =0 pA 


NOTE: Information on typical parametric values can be found in Chapter 4. 
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MC54/74HC11 


AC ELECTRICAL CHARACTERISTICS (C, =50 pF, Input t, = ts=6 ns) 


















Symbol Parameter cc 25°C to 

V ° ° 
Maximum Propagation Delay, Input A, B, or C to Output Y 2.0 125 iS Py 

(Figures 1 and 2) 4.5 25 

6.0 21 
Maximum Output Transition Time, Any Output 2.0 75 oe 

(Figures 1 and 2) 4.5 15 

6.0 13 





NOTES: 
1. For propagation delays with loads other than 50 pF, see Chapter 4. 
2. Information on typical parametric values can be found in Chapter 4. 


Power Dissipation Capacitance (Per Gate) Typical @ 25°C, Voc =5.0 V 


Used to determine the no-load dynamic power consumption: 
Pp= Cpp Vcc2f+ lcc Vec 27 
For load considerations, see Chapter 4. 





TEST POINT 







— Vcc 
DEVICE 
UNDER 
TEST 







GND 


* Includes all probe and jig capacitance. 





Figure 1. Switching Waveforms Figure 2. Test Circuit 


EXPANDED LOGIC DIAGRAM 
(% of the Device) 


A 
B Y 
C 
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MOTOROLA 


a SEMICONDUCTOR 
TECHNICAL DATA 





NIiC54/74HC14A 


Advance Information | 


= a J SUFFIX 
Hex Schmitt-Trigger Inverter See) ceramic 
2 apm CASE 632-08 
High-Performance Silicon-Gate CMOS Y : 
The MC54/74HC14A, is identical in pinout to the LS14, LS04, and HC04. The 
device inputs are compatible with standard CMOS outputs; with pullup resis- N SUFFIX 
tors, they are compatible with LSTTL outputs. — PLASTIC 
The HC14A is useful to “square up” slow input rise and fall times. Due to CASE 646-06 


the hysteresis voltage of the Schmitt trigger, the HC14A finds applications in 
noisy environments. 


@ Output Drive Capability: 10 LSTTL Loads D SUFFIX 

® Outputs Directly Interface to CMOS, NMOS, and TTL | Qeer SOIC 

@ Operating Voltage Range: 2.0 to 6.0 V : CASE 751A-02 
@ Low Input Current: 1.0 uA 

@ High Noise Immunity Characteristic of CMOS Devices 

@ in Compliance with the Requirements Defined by JEDEC Standard No. 7A SRD ERING EORMATION 

® Chip Complexity: 60 FETs or 15 Equivalent Gates MC74HCTXXAN Plastic 

@ Improvements over HC14 MCS4HCTXXAJ Ceramic 


@ Propagation Delay Improved Approximately 20% METI ecle 


e ICC (Commercial) — Reduced 50% 


@ ESD and Latchup Characteristics are the Same or Better TA = —55° to 125°C for all packages. 
Dimensions in Chapter 6. 





LOGIC DIAGRAM PIN ASSIGNMENT 


Al Y1 


A2 Y2 


A3 Y3 





YYYY 


PIN 14=Vec 
PIN 7 =GND 





This document contains information on a new product. Specifications and information herein are subject to change without notice. 
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MC54/74HC14A 


MAXIMUM RATINGS* 


Symbol| Parameter | Value | Unit 
DC Supply Voltage (Referenced to GND) 
DC Input Voltage (Referenced to GND) —1.5 to Vcoc+1.5 

C 



















This device contains protection 
circuitry to guard against damage 
due to high static voltages or electric 
fields. However, precautions must 
be taken to avoid applications of any 
voltage higher than maximum rated 
voltages to this high-impedance 
circuit. For proper operation, Vj, and 
Vout should be constrained to the 
range GND <(Vjn or Voyt) = Vcc. 

Unused inputs must always be tied 
to an appropriate logic voltage level 
(e.g., either GND or Voc}. Unused 
outputs must be left open. 


[in [DC input Curent per Pint 


Power Dissipation in Still Air, Plastic or Ceramic DIPt 750 mW 
SOIC Packaget 500 


Tsta Storage Temperature —65 to +150 oC 


Th Lead Temperature, 1 mm from Case for 10 Seconds 
260 
300 


(Plastic DIP or SOIC Package) 
(Ceramic DIP) 
* Maximum Ratings are those values beyond which damage to the device may occur. 
Functional operation should be restricted to the Recommended Operating Conditions. 
tDerating — Plastic DIP: — 10 mW/°C from 65° to 125°C 
Ceramic DIP: — 10 mW/°C from 100° to 125°C 
SOIC Package: —7 mW/°C from 65° to 125°C 


















: 


RECOMMENDED OPERATING CONDITIONS 


DC Supply Voltage (Referenced to GND) beet cll Oe Mol 
DC Input Voltage, Output Voltage (Referenced to GND) | 0 | Vcc 
Operating Temperature, All Package Types | -55 | +125 | °c | 


tr, te | Input Rise and Fall Time (Figure 1) No 
Limit* 


*When Vin = 50% Vcc, Icc>1 mA. 
Vcc 
Vv 























DC ELECTRICAL CHARACTERISTICS (Voltages Referenced to GND) 


Symbol Parameter 









° 
1.5 1.5 1.5 


Test Conditions 



















































Vt 4max | Maximum Positive-Going Vout=9.1 V 2 V 
Input Threshold Voltage lout] $20 pA 4.5 3.15 3.15 3.15 
(Figure 3) 6 4.2 4.2 4.2 
Vt+min | Minimum Positive-Going Vout =9.1 V 2 1 0.95 0.95 V 
Input Threshold Voltage Hout] $20 pA 4.5 2.3 2.25 2.25 
(Figure 3) 6 3 2.95 2.95 
V7—max | Maximum Negative-Going Vout= Vcc —9.1 V 2 0.9 0.95 0.95 V 
Input Threshold Voltage Hout| S20 pA 4.5 2 2.05 2.05 
(Figure 3) 6 2.6 2.65 2.65 
VT—min | Minimum Negative-Going Vout = Vcc —9.1 V 2 0.3 0.3 0.3 V 
Input Threshold Voltage out! $20 pA 4.5 0.9 0.9 0.9 
(Figure 3) 6 1.2 1.2 1.2 
Vmax | Maximum Hysteresis Voltage Vout =0.1 V or Vcc —-9.1 V 2 1.2 1.2 1.2 V 
Note 2 (Figure 3) lout] $20 nA 4.5 2.25 2.25 2.25 
6 3 3 3 
VyHmin | Minimum Hysteresis Voltage Vout =9.1 V or Vcc - 0.1 V 0.2 0.2 0.2 V 
Note 2 (Figure 3) Ilout| $20 pA 0.4 0.4 0.4 
0.5 0.5 0.5 


NOTES: 
1. Information on typical parametric values along with frequency or heavy load considerations can be found in Chapter 4. 
2. Vamin>(VqT + min) — (V7 _— max); Vmax = (VT 4 max) — (VT _— min). 
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MC54/74HC14A 


DC ELECTRICAL CHARACTERISTICS (Continued) 


| Guaranteed Limit Limit 
° 
~55°C 
Minimum High-Level Output Vins VT—min V 


Vin <VT— min lloutlI<4 mA 3.98 3.84 3.7 
llout|<5-2 mA 5.48 5.34 5.2 
VOL Maximum Low-Level Output Vin = VT + max 0. 
Voltage llout| $20 vA Ke 7 
6 0.1 
Vin2 VT + max lloutlS4 mA 4.5 0.26 0.33 0.4 
loutlS5.2 mA 6 0.26 0.33 0.4 


Ice Maximum Quiescent Supply Vin=Vcc or GND : 
Current (per Package) lout =0 vA , 


NOTE: 1. Veymin>(V7 4 min) — (V7 — max); Vymax =(VT 4 max) —(VT— min). 










Test Conditions 



















AC ELECTRICAL CHARACTERISTICS (C, =50 pF, Input t, = tz=6 ns) 
‘@ |BEe lowe fame] 


Symbol Parameter ° 


tpLH, | Maximum Propagation Delay, Input A to Output Y 2 120 145 
tPHL (Figures 1 and 2) 4.5 i 24 | 29 


20 
tTLH, 
TTHL 


Cin 










Maximum Output Transition Time, Any Output 
(Figures 1 and 2) 









Maximum Input Capacitance 





Power Dissipation Capacitance (Per Inverter) 
Used to determine the no-load dynamic power consumption: 


Pp=Cpp Vec4F+Icec Vcc 





NOTE: 1. For propagation delays with loads other than 50 pF and information on typical parametric values and load considerations, see Chapter 4. 











TEST POINT 
OUTPUT 





DEVICE 
UNDER 
TEST 





OUTPUT Y 
* Includes all probe and jig capacitance. 


Figure 1. Switching Waveforms Figure 2. Test Circuit 
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MC54/74HC14A 


Vz, TYPICAL INPUT THRESHOLD VOLTAGE (VOLTS) 





Vcc, POWER SUPPLY VOLTAGE (VOLTS) 
Vutyp = (V7 + typ) — (V7 — typ) 


Figure 3. Typical Input Threshold, VT 4, VT — 
Versus Power Supply Voltage 


s—{5>0—" 


(a) A SCHMITT TRIGGER SQUARES UP INPUTS (b) A SCHMITT TRIGGER OFFERS MAXIMUM NOISE 
WITH SLOW RISE AND FALL TIMES IMMUNITY 


vy‘ 











"EF = ae ee Se Ve 
| | _— 
| | | 
| | Won 
Vout Vout 
VoL oe MOI 


Figure 4. Typical Schmitt-Trigger Applications 
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MOTOROLA 


aa SEMICONDUCTOR 
TECHNICAL DATA 


MC54/74HC20 
Dual 4-Input NAND Gate | 


High-Performance Silicon-Gate CMOS wea J SUFFIX 
: | a " VV CASE 632-08 
The MC54/74HC20 is identical in pinout to the LS20. The device inputs are com- 
1 


patible with standard CMOS outputs; with pullup resistors, they are compatible with 
LSTTL outputs. 


Output Drive Capability: 10 LSTTL Loads 

Outputs Directly Interface to CMOS, NMOS, and TTL 

Operating Voltage Range: 2 to 6 V 

Low Input Current: 1 pA 

High Noise Immunity Characteristic of CMOS Devices . 

In Compliance with the Requirements Defined by JEDEC Standard No. 7A 
Chip Complexity: 28 FETs or 7 Equivalent Gates 


14 


D SUFFIX 
SOIC 
CASE 751A-02 


N SUFFIX 
PLASTIC 
CASE 646-06 
14 
1 
Ge 
1 » 


ORDERING INFORMATION 


MC74HCXXN Plastic 
MC54HCXXJ Ceramic 
MC74HCXXD SOIC 


Ta = —55° to 125°C for all packages. 
Dimensions in Chapter 6. 





PIN ASSIGNMENT 
LOGIC DIAGRAM 





Y = ABCD 
n— 
Be 12 g Y2 
C23 
D2 
PIN 14=Ve¢ 
PIN 7 =GND 


PINS 3, 11 =NO CONNECTION 
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MC54/74HC20 


MAXIMUM RATINGS* 


[symbot| —~SSSPavamener ——~SCS~*~*~*~dsSCSC*é‘“~*w «dC 
[Vout | BC Output Voge (Referenced to GND) ‘| ~05wVeg+08 | Vv 
[tin [DC input Curent perPin SiS 
tour 2¢ Output Current, prin ——SSSSCSC~dtCSCSCti CY 
[BE Sp Gre. gee TRE [aoa 


Power Dissipation in Still Air, Plastic or Ceramic DIPT 
SOIC oS 
T stg 


/Storage Temperature sd Temperature —65 to + 150 
as 







This device contains protection 
circuitry to guard against damage 
due to high static voltages or electric 
fields. However, precautions must 
be taken to avoid applications of any 
voltage higher than maximum rated 
voltages to this high-impedance 
circuit. For proper operation, Vj, and 
Vout Should be constrained to the 
range GND <(Vjn or Vout) =< Vcc: 

Unused inputs must always be tied 
to an appropriate logic voltage level 


(e.g., either GND or Vcc). Unused 
| outputs must be left open. | 























Lead Temperature, 1 mm from Case for 10 Seconds 
(Plastic DIP or SOIC Package) 
(Ceramic DIP) 






* Maximum Ratings are those values beyond which damage to the device may occur. 
Functional operation should be restricted to the Recommended Operating Conditions. 
tDerating — Plastic DIP: —10 mW/°C from 65° to 125°C 
Ceramic DIP: — 10 mW/°C from 100° to 125°C 
SOIC Package: —7 mW/°C from 65° to 125°C 
For high frequency or heavy load considerations, see Chapter 4. 


RECOMMENDED OPERATING CONDITIONS 


[symboi]__——=—=—sarameter——SSS*dSCMin' | Max | Unik 
 vcg | BC Supniy Vonage Referenced to GND) ———«dt~C2o | 60 | 
[Vin.Vour | DC input Votage, Output Voriage (Referenced w GND) | 0 | Veg | _V 
Ta. [Operating Temperature, Al Package Types ‘| a5 | +125 | °0 


Input Rise and Fall Time 
(Figure 1) 









DC ELECTRICAL CHARACTERISTICS (Voltages Referenced to GND) 


Minimum High-Level Input 
Voltage 











| Guaranteed Limit Limit 
Test Conditions 25°C to 
<85°C | <125°C 
V 
a Aye ave 
6.0 4,2 4.2 


2.0 0.3 0.3 0.3 V 
4.5 0.9 0.9 0.9 
6.0 1.2 1.2 1.2 


Vout = 0.1 Vor Vcc —0.1 V 
Hout] $20 nA 



















Maximum Low-Level Input 
Voltage 






Vout =0.1 V or Vee —-0.1 V 
lout] $20 pA 












































Minimum High-Level Output Vin= ViH or VIL 2.0 1.9 19 1.9 V 
Voltage llout| $20 vA 4.5 4.4 4.4 4.4 
Vin = Vin or Vib lout} $4.0 mA} 4.5 3.98 3.84 3.70 
lloyt| $5.2 MA} 6.0 5.48 5.34 5.20 

Maximum Low-Level Output Vin = VIH or VIL : V 
Voltage lout} $20 nA - : : 












Vin= VIH or VIL llout| $4.0 mA} 4.5 0.26 0.33 0.40 
lout] $5.2 MA ae 0 acs 26 ace 33 0. ane) 
Maximum Input Leakage Current | Vin =Vcc or GND | 40.1 | 1 ce 0 +1 | $1.0 | 


lcc Maximum Quiescent Supply Vin=Vcc or GND 
Current (per Package) lout =0 pA 


NOTE: Information on typical parametric values can be found in Chapter 4. 
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MC54/74HC20 


AC ELECTRICAL CHARACTERISTICS (C, =50 pF, Input t, = ts=6 ns) 






Guaranteed Limit 


Symbol Parameter i 
=85°C = 125°C 
i 

















tpLH, | Maximum Propagation Delay, input A, B, C, or D to Output Y 2.0 135 

tPHL (Figures 1 and 2) 4.5 he a 
6.0 15 

tTLH, | Maximum Output Transition Time, Any Output il 

tTHL (Figures 1 and 2) 





75 Bs 
15 s 
[eg [st pases Po 0 


NOTES: 
1. For propagation delays with loads other than 50 pF, see Chapter 4. 
2. Information on typical parametric values can be found in Chapter 4. 


Power Dissipation Capacitance (Per Gate) | Typical @ 25°C, Vcc =5.0 V 


Used to determine the no-load dynamic power consumption: 


Pp=Cpp Vcc4f+Icc Vec 
For load considerations, see Chapter 4. 








TEST POINT 









DEVICE 
UNDER 
TEST 


QUTPUT Y 





* Includes all probe and jig capacitance. 


Figure 1. Switching Waveforms Figure 2. Test Circuit 





EXPANDED LOGIC DIAGRAM 
(% of the Device) 


wo YP 
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MOTOROLA 


a SEMICONDUCTOR 
TECHNICAL DATA 





MiC54/74HC27 
Triple 3-Input NOR Gate 


High-Performance Silicon-Gate CMOS J SUFFIX 
CERAMIC 


CASE 632-08 


The MC54/74HC27 is identical in pinout to the LS27. The device inputs are com- 
patible with standard CMOS outputs; with pullup resistors, they are compatible with 
LSTTL outputs. 


® Output Drive Capability: 10 LSTTL Loads pipelite 
@ Outputs Directly Interface to CMOS, NMOS, and TTL CASE 646-06 
@® Operating Voltage Range: 2 to 6 V 

@ Low Input Current: 1 nA 

@ High Noise Immunity Characteristic of CMOS Devices 

@ In Compliance with the Requirements Defined by JEDEC Standard No. 7A D SUFFIX 
@ Chip Complexity: 42 FETs or 10.5 Equivalent Gates ads SOIC 


CASE 751A-02 


ORDERING INFORMATION 


MC74HCXXN Plastic 
MC54HCXXJ Ceramic 
MC74HCXXD SOIC 


TA = —55° to 125°C for all packages. 
Dimensions in Chapter 6. 





LOGIC DIAGRAM 
PIN ASSIGNMENT 


1 
AM 
BI 2 121 
C1 
2 i ee 
B2 5 Y2 Y=A+B+C 
c2 
9 
A3 
B3 7 8 3 
c3 


PIN 14=Vec 
PIN 7=GND 
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MC54/74HC27 


MAXIMUM RATINGS* 


[symboi| SS Parameter —~SSS~*~*~wSC*<“~*é «YC 
ve tet veto enim so) reggie |v 
[Yeut[9€ Output ote Raooreed = GNO) | “05 veg +05 |v 
GBS ee RYT TR 
Tee [0 iy cin, vos on HO Faw_——— [ano a 


Power Dissipation in Still Air, Plastic or Ceramic DIPT mW 
SOIC cin aaa 


Fe Teg | [Storage Temperature ssid Temperature -—65 to +150 a 


Th Lead Temperature, 1 mm from Case for 10 Seconds 
260 
300 


(Plastic DIP or SOIC Package) 
(Ceramic DIP) 
* Maximum Ratings are those values beyond which damage to the device may occur. 
Functional operation should be restricted to the Recommended Operating Conditions. 
tDerating — Plastic DIP: — 10 mW/°C from 65° to 125°C 
Ceramic DIP: —10 mW/°C from 100° to 125°C 
SOIC Package: —7 mW/°C from 65° to 125°C 
For high frequency or heavy load considerations, see Chapter 4. 






This device contains protection 
circuitry to guard against damage 
due to high static voltages or electric 
fields. However, precautions must 
be taken to avoid applications of any 
voltage higher than maximum rated 
voltages to this high-impedance 














circuit. For proper operation, Vj, and 
Vout Should be constrained to the 
range GND <(Vjn or Voyt) = Vcc: 

Unused inputs must always be tied 
to an appropriate logic voltage level 
(e.g., either GND or Vcc). Unused 
outputs must be left open. 













RECOMMENDED OPERATING CONDITIONS 


[symboi] Parameter SSSS*d;SCMin' | Max | Unie 
Tvog [De Supp Votage (Referenced to GND) —~SC~dtCo || 
VinVout [DC Input Votage, Output Votage (Referenced t GND) | 0 | Veo |v _ 
Ta [Operating Temperature, Al Package Types ‘| ss | +125 | °C 


tr, ts | Input Rise and Fall Time as 1000 
(Figure 1) =4, 500 
=6. 400 


DC ELECTRICAL CHARACTERISTICS (Voltages Referenced to GND) 


| Guaranteed Limit Limit 
Symbol Parameter Test Conditions ne 25°C to 
=85°C | =<125°C 
-55°C 
ViH 


Minimum High-Level Input Vout =9.1 V or Vcc -0.1 V 





Voltage lout! $20 vA cs Ae ee ee 
| 6.0 4.2 4.2 4.2 
Maximum Low-Level Input Vout =0.1 V or Vee -0.1 V 2.0 0.3 0.3 0.3 
Voltage lout! $20 vA 4.5 0.9 0.9 0.9 
6.0 1.2 1.2 1.2 


Maximum Low-Level Output Vin=ViH or VIL 
Voltage lloutl $20 nA 


Vin=ViIH or VIL lout] $4.0 mA 0.26 0.33 
llout| $5.2 mA 0.26 0.33 
Maximum Input Leakage Current | Vin=Vcc or GND 


Maximum Quiescent Supply Vin= Vcc or GND 20 
Current (per Package) lout =0 vA 


NOTE: Information on typical parametric values can be found in Chapter 4. 





Vou _ | Minimum High-Level Output Vin = Vin or Vib 2.0 1.9 1.9 1.9 
Voltage llout| $20 vA : : : : of : : : 

Vin= VIH or VIL Hout| <4.0 mA 3.98 3.84 3.70 

llout| =5.2 mA 5.48 5.34 5.20 
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MC54/74HC27 


AC ELECTRICAL CHARACTERISTICS (C, =50 pF, Input t, = t¢=6 ns) 


| Guaranteed Limit | Limit 
Symbol Parameter 25°C to 
_55°C <85°C | <125°C 

tpLH, | Maximum Propagation Delay, Input A, B, or C to Output Y - - 
tPHL (Figures 1 and 2) ie i: 

6.0 15 
tTLH, | Maximum Output Transition Time, Any Output 2.0 ae 
tTHL (Figures 1 and 2) . : Hs 


13 
er mene se eae a ae 


NOTES: 
1. For propagation delays with loads other than 50 pF, see Chapter 4. 
2. Information on typical parametric values can be found in Chapter 4. 



















Power Dissipation Capacitance (Per Gate) Typical @ 25°C, | Typical @ 25°C, Voc =5.0V | 5.0 V 
Used to determine the no-load dynamic power consumption: 

Pp=Cpp Vcec*f+!cc Vcc 

For load considerations, see Chapter 4. 










TEST POINT 















Vee 
INPUT 90% 

A,B, ORC 0% DEVICE 

— GND UNDER 
c,* 

TEST 

OUTPUT Y 
tTLH tTHL *Includes all probe and jig capacitance. 
Figure 1. Switching Waveforms Figure 2. Test Circuit 


EXPANDED LOGIC DIAGRAM 
(% of the Device) 
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MOTOROLA 


a SEMICONDUCTOR 
TECHNICAL DATA 


8-Input NAND Gate 
High-Performance Silicon-Gate CMOS 


The MC54/74HC30 is identical in pinout to the LS30. The device inputs are com- 
patible with standard CMOS outputs; with pullup resistors, they are compatible with 
LSTTL outputs. 


Output Drive Capability: 10 LSTTL Loads 

Outputs Directly Interface to CMOS, NMOS, and TTL 

Operating Voltage Range: 2 to 6 V 

Low Input Current: 1 nA 

High Noise Immunity Characteristic of CMOS Devices 

In Compliance with the Requirements Defined by JEDEC Standard No. 7A 
Chip Complexity: 32 FETs or 8 Equivalent Gates 


LOGIC DIAGRAM 


1 
A 
ie 
pes 
D— 8 SaRnEEEH 
eee Y Y = ABCDEFGH 
6 
F 
U1 
Er 
H 
PINS 9, 10, 13=NO CONNECTION 
PIN 14=Vec 
PIN 7=GND 








ViC54/74HC30 
ee 


J SUFFIX 
CERAMIC 
CASE 632-08 















N SUFFIX 
PLASTIC 
CASE 646-06 


D SUFFIX 
J SOIC 
en CASE 751A-02 





ORDERING INFORMATION 







MC74HCXXN Plastic 
MC54HCXXJ Ceramic 
MC74HCXXD SOIC 


Ta = —55° to 125°C for all packages. 
Dimensions in Chapter 6. 


PIN ASSIGNMENT 


NC =NO CONNECTION 


FUNCTION TABLE 


Inputs A through H 





All inputs H L 
One or more inputs L H 
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MC54/74HC30 


MAXIMUM RATINGS* 


| Symbol] Parameter | Value | Unit 
st 
TL 
(Plastic DIP or SOIC Package) 


25 
Power Dissipation in Still Air, Plastic or Ceramic DIPT 750 mW 
SOIC Packaget 500 
it (Ceramic DIP) 


—6§5 to + 150 a 
* Maximum Ratings are those values beyond which damage to the device may occur. 
Functional operation should be restricted to the Recommended Operating Conditions. 
tDerating — Plastic DIP: — 10 mW/°C from 65° to 125°C 
Ceramic DIP: ~ 10 mW/°C from 100° to 125°C 
SOIC Package: — 7 mW/°C from 65° to 125°C 
For high frequency or heavy load considerations, see Chapter 4. 





This device contains protection 
circuitry to guard against damage 
due to high static voltages or electric 
fields. However, precautions must 
be taken to avoid applications of any 
voltage higher than maximum rated 
voltages to this high-impedance 






circuit. For proper operation, Vjy and 
Vout should be constrained to the 
range GND <(Vjn or Vout) = Vcc: 

Unused inputs must always be tied 
to an appropriate logic voltage level 
(e.g., either GND or Vcc). Unused 
outputs must be left open. 











V 
V 
| 

-, 






Storage Temperature 








Lead Temperature, 1 mm from Case for 10 Seconds 






RECOMMENDED OPERATING CONDITIONS 


Symbol | Parameter =| Min 
DC Supply Voltage (Referenced to GND) 
DC Input Voltage, Output Voltage (Referenced to GND) sO 


CC 
Operating Temperature, All Package Types 
tr, tf 
















Input Rise and Fall Time Vcc =2.0 V 
(Figure 1) 





DC ELECTRICAL CHARACTERISTICS (Voltages Referenced to GND) 


Symbol Parameter 


Minimum High-Level Input Vout =9.1 V or Vec —0.1 V 
Voltage llout| $20 nA 4.5 3.15 3.15 3.15 
6.0 4.2 4.2 4.2 


Maximum Low-Level Input Vout =9.1 V or Voc - 0.1 V 2.0 0.3 0.3 0.3 V 
Voltage lout| $20 vA 4.5 0.9 0.9 0.9 
6.0 tee 1.2 1.2 






Guaranteed Limit 


° 
TE | we | sr 
1.5 1.5 18 


Test Conditions 







2.0 Vv 















Maximum Low-Level Output Vin=ViH oF VIL V 
Voltage lout] $20 uA 


6.0 0.1 0.1 0.1 
Vin=VIH or Vit out] <4.0 mA 0.26 0.33 0.40 
Hout] =5.2 mA 0.26 0.33 0.40 

Maximum Input Leakage Current | Vin =Vcc or GND 


Maximum Quiescent Supply Vin=Vcc or GND 2 20 pA 
Current (per Package) lout =0 pA 


NOTE: Information on typical parametric values can be found in Chapter 4. 






‘ ; 0.1 
4.5 0.1 0.1 0.1 






V Minimum High-Level Output Vin = Vin or VIL 2.0 1.9 1.9 13 V 
Voltage llout| $20 pA 4.5 4.4 4.4 4.4 
6.0 5.9 5.9 5.9 
Vin = VIH or Vit Hloyt| 4.0 mA} 4.5 3.98 3.84 3.70 
lout] $5.2 mA} 6.0 5.48 5.34 5.20 


IH 
VIL 
OH 
OL 
Icc 
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MC54/74HC30 


AC ELECTRICAL CHARACTERISTICS (C; =50 pF, Input tp=ts=6 ns) . 
” | Guaranteed Limit ——_—| Limit 
Symbol | Parameter CO Tf 55°C to 
V ° ° 
a Maximum Propagation Delay, Any Input to Output Y 2.0 oa 
tPHL (Figures 1 and 2) : 


tTLH, | Maximum Output Transition Time, Any Output 
tTHL (Figures 1 and 2) 


[tin [Maximum input Capacitance ———SSSC~=~“~*~Ss*~—‘“‘—‘—s~sSs*s‘“‘—s~s Yo | od 
NOTES: 


1. For propagation delays with loads other than 50 pF, see Chapter 4. 
2. Information on typical parametric values can be found in Chapter 4. 


Power Dissipation Capacitance (Per Gate) Typical @ 25°C, Vcc =5.0 V 


Used to determine the no-load dynamic power consumption: 


Pp =Cpp Vcec2f+ lec Vcc 27 
For load considerations, see Chapter 4. 








TEST POINT 










ANY INPUT DEVICE 


UNDER 
TEST 





OUTPUT Y 





tTHL * includes all probe and jig capacitance. 


Figure 1. Switching Waveforms Figure 2. Test Circuit 


EXPANDED LOGIC DIAGRAM 


a a 

D a e. 1 . ae: ' 
E 5 — Se. e |) oe 

ee al Om =. 

= i 





MOTOROLA HIGH-SPEED CMOS LOGIC DATA 
5-46 


MOTOROLA 


= SEMICONDUCTOR 
TECHNICAL DATA 





MC54/74HC32A 


Advance Information 


Quad 2-Input OR Gate 
High-Performance Silicon-Gate CMOS 


J SUFFIX 
CERAMIC 
CASE 632-08 


1 


The MC54/74HC32A is identical in pinout to the LS32. The device inputs 
are compatible with standard CMOS outputs; with pullup resistors, they 
are compatible with LSTTL outputs. 

@ Output Drive Capability: 10 LSTTL Loads 

Outputs Directly Interface to CMOS, NMOS, and TTL 
Operating Voltage Range: 2.0 to 6.0 V 

Low Input Current: 1.0 nA 


N SUFFIX 
PLASTIC 
CASE 646-06 


1 


Ry 
a _ @ 
al- 

1 
r 
4 

1 


High Noise Immunity Characteristic of CMOS Devices 

In Compliance with the Requirements Defined by JEDEC Standard 
No. 7A 

Chip Complexity: 48 FETs or 12 Equivalent Gates 


14 LE 


1 


D SUFFIX 
SOIC 
CASE 751A-02 


Improvements over HC32 

@ Improved Propagation Delays 

@ 50% Lower Quiescent Power 

@ Improved Input Noise and Latchup Immunity 


ORDERING INFORMATION 


MC74HCXXAN Plastic 
MCS54HCXXAJ Ceramic 
MC74HCXXAD- SOIC 
Ta = —55° to 125°C for all packages. 
Dimensions in Chapter 6. 





LOGIC DIAGRAM 
PIN ASSIGNMENT 


Al 
Bi 


Y1 


b= 
fo 
© ow {> np —_ 
oo [o>] w 


Y2 
B2 
Y =A+B 
A3 
Y¥3 
B3 Ld 
13 Y4 
B4 
PIN 14 = Vcc 
PIN 7 = GND 





This document contains information on a new product. Specifications and information herein are subject to change without notice. 
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MC54/74HC32A 


MAXIMUM RATINGS* 


Value | Unit This device contains protection 
Hs ea soars 
opal nes 
ea ee 
C 
C 
















DC Supply Current, Vcc and GND Pins should be constrained to the 
ae | Power Dissipation in Still Air, Plastic or Ceramic DIP iota tre Be nH ds ahi 
SOIC Package 500 tied to an appropriate logic volt- 


Storage Temperature —65 to +150 | age level (e.g., either GND or 
TL 


| Lead Temperature, 1 mm from Case for 10 Seconds : WeC)« Mnused.putpute must pe 
left open. 
260 
(Ceramic DIP) 300 


(Plastic DIP or SOIC Package) 
*Maximum Ratings are those values beyond which damage to the device may occur. 
Functional operation should be restricted to the Recommended Operating Conditions. 














RECOMMENDED OPERATING CONDITIONS 


Parameter 
(Referenced to GND) 
Operating Temperature, All Package Types 


Input Rise and Fall Time 
(Figure 1) 















25°C to " a 
1.5 





Parameter Test Conditions 


















Vcc 
V 
2.0 

































VIH Minimum High-Level Input Vout=0.1 V or Vcc —-0.1 V 1.5 V 
Voltage lout] =20 wA 4.5 3.15 3.15 
6.0 4.2 4.2 
VIL Maximum Low-Level Input Vout =9.1 V or Vcc —-90.1 V 2.0 0.5 0.5 V 
Voltage lloytl S20 vA 4.5 1.35 1.35 
6.0 1.8 1.8 
VOH Minimum High-Level Output Vin=VIH or VIL 2.0 1.9 1.9 1.9 Vo| 
Voltage Noutl<20 vA 4.5 4.4 4.4 4.4 
6.0 5.9 5.9 5.9 
Vin=VIH or VIL lloutl<4.0 mA 3.98 3.84 | 3.7 
llout/<5.2 mA 5.48 5.34 5.2 
VOL Maximum Low-Level Output Vin=VIH or VIL 2.0 0.1 0.1 0.1 


Voltage lloutl S20 wA 


V 
4.5 0.1 0.1 0.1 
6.0 0.1 0.1 0.1 
Vin=VIH OF VIL lloutl=4.0 mA 0.26 0.33 0.4 
llout}S5.2 mA 0.26 0.33 0.4 
E cliee a Maximum Input Leakage Current | Vin =Vcc or GND 60. |i ees -| +1.0 + 1.0 


Icc Maximum Quiescent Supply Vin=Vcc or GND pA 
Current (per Package) lout =0 vA 










MOTOROLA HIGH-SPEED CMOS LOGIC DATA 
5-48 


MC54/74HC32A 


AC ELECTRICAL CHARACTERISTICS (C, = 50 pF, Input tr = tp = 6.0 ns) 


Guaranteed Limit 
Parameter Vcc 
V <85°C | <125°C 
75 95 


Maximum Propagation Delay, Input A or B to Output Y 2.0 

(Figures 1 and 2) 4.5 19 22 
9 
0 


6.0 16 


, 
Maximum Output Transition Time, Any Output 2.0 95 

(Figures 1 and 2) . 19 22 

16 19 

1 


Power Dissipation Capacitance (Per Gate) Typical @ 25°C, Vcc = 5.0 V 
Used to determine the no-load dynamic power consumption: oF 
Pp = Crp Voc’ + loc Voc 





TEST POINT 






aay 
cc OUTPUT 





DEVICE 
UNDER 
TEST 





GND 





tTHL *Includes all probe and jig capacitance. 


Figure 1. Switching Waveforms Figure 2. Test Circuit 





EXPANDED LOGIC DIAGRAM 
(1/4 of the Device) 
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MOTOROLA 


a SEMICONDUCTOR 
TECHNICAL DATA 





1-of-10 Decoder 


High-Performance Silicon-Gate CMOS Be heniie 


: CASE 620-09 
The MC54/74HC42 is identical in pinout to the LS42. The device inputs are com- 


patible with standard CMOS outputs; with pullup resistors, they are compatible with 
LSTTL outputs. 





The HC42 decodes a BCD Address to one-of-ten active-low outputs. For Address plied 
inputs with a hexadecimal equivalent greater than 9, all outputs, YO-Y9, remain high CASE 648-06 
(inactive). . 

@® Output Drive Capability: 10 LSTTL Loads 

@ Outputs Directly Interface to CMOS, NMOS, and TTL D SUFFIX 
@ Operating Voltage Range: 2 to 6 V SOIC 

@ Low Input Current: 1 pA CASE 751B-03. 
@ High Noise Immunity Characteristic of CMOS Devices 

@ in Compliance with the Requirements Defined by JEDEC Standard No. 7A 

@ Chip Complexity: 104 FETs or 26 Equivalent Gates ORDERING INFORMATION 


MC74HCXXN Plastic 
MC54HCXXJ Ceramic 
MC74HCXXD SOIC 


Ta = —55° to 125°C for all packages. 
Dimensions in Chapter 6. 





LOGIC DIAGRAM 


PIN ASSIGNMENT 





BCD Active-Low 
Address Outputs 
Inputs 





Pin 16= Vcc 
Pin 8= GND 


ee a 
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MC54/74HC42 


MAXIMUM RATINGS* 


DC Supply Voltage (Referenced to GND) —0.5 to +7.0 
DC Input Voltage (Referenced to GND) =1.5 to Voc +1.5 
ICC 

TL 








a 
iy [DC Input Cunent pera Sd O| 








m 
m 
DC Supply Current, Vcc and GND Pins m 
m 


Power Dissipation in Still Air, Plastic or Ceramic DIPt 


750 
SOIC Packaget 500 


Storage Temperature —65 to +150 


Lead Temperature, 1 mm from Case for 10 Seconds 
(Plastic DIP or SOIC Package) 
(Ceramic DIP) 


* Maximum Ratings are those values beyond which damage to the device may occur. 
Functional operation should be restricted to the Recommended Operating Conditions. 
tDerating — Plastic DIP: — 10 mW/°C from 65° to 125°C 
Ceramic DIP: — 10 mW/°C from 100° to 125°C 
SOIC Package: —7 mW/°C from 65° to 125°C 
For high frequency or heavy load considerations, see Chapter 4. 








RECOMMENDED OPERATING CONDITIONS 


Input Rise and Fall Time 
(Figure 1) 


Parameter Test Conditions 


Minimum High-Level Input 
Voltage 


Vout=0.1 V or Vec—0.1 V 


6.0 
2.0 


4.2 


This device contains protection 
circuitry to guard against damage 
due to high static voltages or electric 
fields. However, precautions must 
be taken to avoid applications of any 
voltage higher than maximum rated 
voltages to this high-impedance 


circuit. For proper operation, Vj, and 
Vout Should be constrained to the 
range GND S(Vjn or Vout) = Vcc. 

Unused inputs must always be tied 
to an appropriate logic voltage level 
(e.g, either GND or Voc). Unused 
outputs must be left open. 





VCC 25°C to 
2.0 1.5 1.5 1.5 


3.15 


3.15 
4.2 


3.15 
4.2 





Maximum Low-Level Input 
Voltage 


Minimum High-Level Output 


Vout=9.1 V or Vec—0.1 V 
lout] $20 nA 


Vin = ViH or VIL 


4.5 
6.0 


2.0 


0.3 
0.9 
12 


1.9 


0.3 
0.9 
1.2 


1.9 


0.3 
0.9 
1.2 


1.9 


Voltage Hout! $20 pA 4.5 


Vin = Vin or Vit llout| $4.0 mA 
llout| =5.2 mA 


Maximum Low-Level Output 
Voltage 


2.0 
4.5 
6.0 


Vin = Vin or Vit 
Hout] $20 pA 


Vin = VIH or VIL Hout! <=4.0 mA 


lian | Maximum Input Leakage Current | Vi, =Vcc or GND 


Icc Maximum Quiescent Supply Vin= Vcc or GND 
Current (per Package) 


lout =9 »A 
NOTE: Information on typical parametric values can be found in Chapter 4. 


4.4 


6.0 5.9 5.9 5.9 
3.98 3.84 3.70 

5.48 5.34 5.20 

0.1 0.1 
0.1 0.1 
0.1 0.1 
0.26 0.33 0.40 

0.26 0.33 0.40 


| 6.0 
ad Mal Ml lk 


4.4 4.4 


V 
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MC54/74HC42 


AC ELECTRICAL CHARACTERISTICS (C, =50 pF, input t,=t,=6 ns) 







= ton 


"CC 
Symbol Parameter 25°C to 
tpLH, | Maximum Propagation Delay, Input rn to Output Y oe a _ 
(Figures 1 and 2) 4.5 38 
0 4 33 
- 


tPHL 

tTLH, | Maximum Output Transition Time, Any Output : 75 95 
tTHL (Figures 1 and 2) ; 15 i 
13 


ae 
1. For propagation delays with loads other than 50 pF, see Chapter 4. 
2. Information on typical parametric values can be found in Chapter 4. 


Power Dissipation Capacitance (Per Package) _| Typical @ 25°C, Voc =5.0 V. 


Used to determine the no-load dynamic power consumption: 


Pp=Cpp Vcc*f+!cc Vec 
For load considerations, see Chapter 4. 



















Test Point 












— Vcc. Output 
Device 
GND Under 
Test . ole 
* Includes all probe and jig capacitance. 
Figure 1. Switching Waveforms Figure 2. Test Circuit 
FUNCTION TABLE 







A3 A2A1A0'| YO Y1 Y2 Y3 Y4 Y5 Y6 Y7 Y8 Y9 





IttitrryORK- TT Troe ee 
Treat itijroer ttre jr- rire 
Loe Ee 2 a ee ae 
TIoITrrirTrarjtrTrtiTriryrtrrTiTriTg 
GTCrTrTrrrtiorerirTigrtriroit 
TirrirrarytrtTtitriyjrterTrirTiTTt 
is ns Me Cs Rs Se Oe ee Gs ee OR OO Dee Ss Ge 0 





TiorirrTrrtrrreagtrtrriéTriTte 





TrtrrTrrTarjytirtaririirrTriTriTTt 





aE. ESE ee ee Ee a eS 





TE cE SE See a ee Se ee ee 





DD a. ES) a eo SE SE 





LE ee ee Ee Le eee 





SCS. a 4 EE a eae eS ee ee 





Caen a a ae OR ean oe a eee ae | 
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MC54/74HC42 


PIN DESCRIPTIONS 


INPUTS 


AO, Ai, A2, A3, (PINS 15, 14, 13, 12) — BCD Address In- 
puts. The BCD address present at these inputs determines 
which output is active-low. These inputs are arranged such 
‘that A3 is the most-significant bit and AO is the least- 
significant bit. Addresses with a hexadecimal equivalent 


number greater than nine are not decoded. 


OUTPUTS 


YO-Y9 (PINS 1-7, 9-11) — Active-Low Decoded Outputs. 
These outputs assume a low level when addressed and re- 
main high when not addressed. 


EXPANDED LOGIC DIAGRAM 
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MOTOROLA 


aa SEMICONDUCTOR 
TECHNICAL DATA 





2-Wide, 2-Input/2-Wide, 3-Input 


AND-NOR Gates 4 SUFFIX 


rN = CERAMIC 
High-Performance Silicon-Gate CMOS ah \ 
14 
The MC54/74HC51 is identical in pinout to the LS51. The device inputs are com- 


1 
patible with standard CMOS outputs; with pullup resistors, they are compatible with N SUFFIX 
LSTTL outputs. h PLASTIC 
Output Drive Capability: 10 LSTTL Loads \ CASE 646-06 
14 
1 
: . 


CASE 632-08 


Outputs Directly Interface to CMOS, NMOS, and TTL 

Operating Voltage Range: 2 to 6. V 

Low Input Current: 1 pA 

High Noise Immunity Characteristic of CMOS Devices 

In Compliance with the Requirements Defined by JEDEC Standard No. 7A 
Chip Complexity: 42 FETs or 10.5 Equivalent Gates 


D SUFFIX 
SOIC 
CASE 751A-02 


ORDERING INFORMATION 


MC74HCXXN Plastic 
MC54HCXXJ Ceramic 
MC74HCXXD SOIC 


Ta = —55° to 125°C for all packages. 
Dimensions in Chapter 6. 





PIN ASSIGNMENT 
LOGIC DIAGRAM 





M 
pi | 
1 
co ‘ 
9 1 | 
V1 = (ATeBTeC1) + DT eET FT) 
10 
E1 
al 
a2 —~ 
p2 — 
8 
v2 
02 — V2 = TAdeBa) + (CdD) 
5 
D2 
H HH XXX 
PIN 14=Vec Xx X X HHH 
PIN 7=GND All other combinations 
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MC54/74HC51 


MAXIMUM RATINGS* 


Symbol | Parameter, =| Value | Uniit_| 
| Veco DC Supply Voltage (Referenced to GND) —0.5 to +7.0 a ae 
| Vin | DC Input Voltage (Referenced to GND) -15toVect15 | Vi | 
DC Output Voltage (Referenced to GND) -0.5 to V¢c + 0.5 a 

Power Dissipation in Still Air, Plastic or Ceramic DIPT 
°C 










icc | DC Supply Panant Vcc and GND Pins 
750 
SOIC Packaget 500 
Storage Temperature —65 to +150 


Lead Temperature, 1 mm from Case for 10 Seconds 
(Plastic DIP or SOIC Package) 
(Ceramic DIP) 







* Maximum Ratings are those values beyond which damage to the device may occur. 
Functional operation should be restricted to the Recommended Operating Conditions. 
tDerating — Plastic DIP: — 10 mW/°C from 65° to 125°C 
Ceramic DIP: — 10 mW/°C from 100° to 125°C 
SOIC Package: —7 mW/°C from 65° to 125°C 
For high frequency or heavy load considerations, see Chapter 4. 


RECOMMENDED OPERATING CONDITIONS 


[symboi] _————=arameter_——SSSSS*d'CMin' | Max | Unit 
[Vice [De Supply Vokage (Referenced 10 GND) ———S~dt 2 | 60 |v 
[VinWout | DC Input Voltage, Output Votage (Referenced wo GNDI | 0 | og | V 


tr, tf | Input Rise and Fall Time 


(Figure 1) 
ce 


6.0 


2.0 
4.5 
6.0 


2.0 
4.5 















DC ELECTRICAL CHARACTERISTICS (Voltages Referenced to GND) 


Minimum High-Level Input 
Voltage 


Test Conditions 


Vout =9.1 V or Voc —0.1 V 
Hout] =20 nA 


Maximum Low-Level Input 
Voltage 


Vout =0.1 V or Voc -0.1 V 
Hout] $20 pA 


Minimum High-Level Output 
Voltage 


Vin= VIH oF VIL 
lout] $20 pA 
Vin=ViIH or VIL lout] $4.0 mA 


Maximum Low-Level Output 
Voltage 


Vin = ViH or VIL 


out} <4.0 mA 
lout] $5.2 mA 


| a Maximum Input Leakage Current | Vin =Vecc or GND 


Maximum Quiescent Supply Vin=Vcc or GND 
Current (per Package) 


lout =9 »A 
NOTE: Information on typical parametric values can be found in Chapter 4. 


Vin= VIH or VIL 





This device contains protection 
circuitry to guard against damage 
due to high static voltages or electric 
fields. However, precautions must 
be taken to avoid applications of any 
voltage higher than maximum rated 
voltages to this high-impedance 
circuit. For proper operation, Vij and 
Vout Should be constrained to the 
range GND <(Vjn or Vout) = Vcc. 

Unused inputs must always be tied 
to an appropriate logic voltage level 
(e.g., either GND or Vec). Unused 


| outputs must be ieft open. | 


ee 


5 


| Guaranteed Limit Limit 


° 
"Pe | -oe | eae 


a ee 


4.4 4.4 4.4 
5.9 5.9 5.9 

3.98 3.84 3.70 

5.48 5.34 5.20 


F 


4.5 0.26 0.33 0.40 
a 0.26 0.33 ae 
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MC54/74HC51 


AC ELECTRICAL CHARACTERISTICS (C, =50 pF, input t, = t¢=6 ns) 


tPpLH, | Maximum Propagation Delay, Any Input to Output Y 
tPHL (Figures 1 and 2) 





| Guaranteed Limit | Limit 
Voc 25°C to 
0 125 155 190 


4.5 25 ss = 
6.0 21 


2.0 75 = 10 
ie 
IR > nn ee 


NOTES: 
1. For propagation delays witj loads other than 50 pF, see Chapter 4. 
2. Information on typical parametric values can be found in Chapter 4. 















Maximum Output Transition Time, Any Output 
- (Figures 1 and 2) 






Power Dissipation Capacitance (Per Section) Typical @ 25°C, Vcc =5.0 V 


Used to determine the no-load dynamic power consumption: 


Pp=Cpp Vcc*ft+icc Vcc 
For load considerations, see Chapter 4. 





TEST POINT 







INPUT DEVICE 


UNDER 
TEST 








QUTPUTY =—s R98 4. 





' tTHL tTLH * Includes all probe and jig capacitance. 


Figure 1. Switching Waveforms Figure 2. Test Circuit 


EXPANDED LOGIC DIAGRAM 


A2 
B2 


C2 


D2 PIN 14=Ve¢ 
PIN 7 = GND 
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MOTOROLA 


a SEMICONDUCTOR 
TECHNICAL DATA 





2-Wide, 2-Input/2-Wide, 3-Input 


AND-OR Gates J SUFFIX 


CERAMIC 
High-Performance Silicon-Gate CMOS CASE 632-08 
The MC54/74HC58 is identical to the MC54/74HC51 except that the outputs are 
inverted. The device inputs are compatible with standard CMOS outputs; with pull- N SUFFIX 
up resistors, they are compatible with LSTTL outputs. PLASTIC 


Output Drive Capability: 10 LSTTL Loads eae aa 
Outputs Directly Interface to CMOS, NMOS, and TTL 
Operating Voltage Range: 2 to 6 V 

Low Input Current: 1 nA 

High Noise Immunity Characteristic of CMOS Devices SOIC 

In Compliance with the Requirements Defined by JEDEC Standard No. 7A ; CASE 751A-02 
Chip Complexity: 42 FETs or 10.5 Equivalent Gates 


D SUFFIX 





ORDERING INFORMATION 


MC74HCXXN Plastic 
MC54HCXXJ Ceramic 
MC74HCXXD SOIC 


Ta = —55° to 125°C for all packages. 
Dimensions in Chapter 6. 





LOGIC DIAGRAM 
PIN ASSIGNMENT 


sacald 
13 
C1 : 
g v1 
DI Y1 =(A1°B1¢C1) + (D1°E1¢F1) 
10 
E1 
enell 
a2 — 
p2 —2 
6 
v2 
c2— Y2 = (A2@B2) + (C2*D2) 
5 
D2 
PIN 14=Vec 
PIN 7=GND 
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MC54/74HC58 


MAXIMUM RATINGS* 


a 
Tin [DC input Curent, perPin—SSCSC~S atm 
[tour [DC Output Curent, par Pin ———SSSSCS~wSSC «ma 
[tcc [oe sip are. veg snd GHD Pas [50 | 


Power Dissipation in Still Air, Plastic or Ceramic DIPT mW 
SOIC a 


Teta. [Storage Temperature sts—isisidY Temperature —65 to + 150 = 


TL Lead Temperature, 1 mm from Case for 10 Seconds 
260 
300 


(Plastic DIP or SOIC Package) 
(Ceramic DIP) 
* Maximum Ratings are those values beyond which damage to the device may occur. 
Functional operation should be restricted to the Recommended Operating Conditions. 
tDerating — Plastic DIP: —10 mW/°C from 65° to 125°C 
Ceramic DIP: — 10 mW/°C from 100° to 125°C 
SOIC Package: —7 mW/°C from 65° to 125°C 
For high frequency or heavy load considerations, see Chapter 4. 






This device contains protection 
circuitry to guard against damage 
due to high static voltages or electric 
fields. However, precautions must 
be taken to avoid applications of any 
voltage higher than maximum rated 
voltages to this high-impedance 









circuit. For proper operation, Vin and 
Vout should be constrained to the 
range GND S(Vjn or Vout) = Vcc: 
Unused inputs must always be tied 
to an appropriate logic voltage level 
(e.g., either GND or Vcc). Unused 
outputs must be left open. 





















RECOMMENDED OPERATING CONDITIONS 


[symbol] ——=SsParameter—SSSC*d Cin | Max | Unt 
[Vcc _[ BC Supply Votage (Referenced to GND) =i | 60 |v 
aN | El vt, oa tn teen O08 [0 Ve |v 


tr, . Input Rise and Fall Time 
(Figure 1) 













DC ELECTRICAL CHARACTERISTICS (Voltages Referenced to GND) 


| Guaranteed Limit Limit 
Symbol Parameter Test Conditions ° 
* [eee | ewe | sore 


Minimum High-Level Input Vout =9.1 V or Voc —-0.1 V 
Voltage lout! $20 pA i 
6.0 


Maximum Low-Level Input Vout =9.1 V or Voc —0.1 V 2.0 
Voltage llout| $20 pA 4.5 
6.0 


Minimum High- “Level Output Vin= ViH or VIL 2.0 
Voltage llout| $20 pA 4.5 


; 5.9 5.9 5.9 
Vin= Vin or VIL llout| $4.0 mA 3.98 3.84 3.70 
llout| $5.2 mA 5.48 5.34 5.20 

2.0 0.1 0.1 


Maximum Low-Level Output Vin = VIH or VIL 
Voltage lout] $20 pA 


Vin=VIH or VIL lloyt| 4.0 mA 0.26 0.33 0.40 
lout! $5.2 ao ae 26 0. ae ate 40 
Maximum Input Leakage Current | Vi; =Vcc or GND 


Maximum Quiescent Supply Vin=Vcc or GND 
Current (per Package) lout =0 pA 


NOTE: Information on typical parametric values can be found in Chapter 4. 
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MC54/74HC58 


AC ELECTRICAL CHARACTERISTICS (C; =50 pF, Input t, = t;=6 ns) 
Parameter 


° 
“ie | <we | swe 


125 


Vcc 
Vv 
2.0 


Maximum Propagation Delay, Any Input to Output Y 


(Figures 1 and 2) 4.5 25 


6.0 21 


Maximum Output Transition Time, Any Output 2.0 75 
(Figures 1 and 2) 4.5 





15 
13 
NOTES: 


1. For propagation delays with loads other than 50 pF, see Chapter 4. 
2. Information on typical parametric values can be found in Chapter 4. 


Power Dissipation Capacitance (Per Section) Typical @ 25°C, Vcc =5.0 V 


Used to determine the no-load dynamic power consumption: 
Pp=Cpp Vcec2F+!cc Voc pF 
For load considerations, see Chapter 4. 


TEST POINT 








ANY OUTPUT 


INPUT 





DEVICE 
UNDER 
TEST 







OUTPUT Y 





tTHL * Includes all probe and jig capacitance. 


Figure 1. Switching Waveforms Figure 2. Test Circuit 


EXPANDED LOGIC DIAGRAM 


Al 





Bi 


C1 
Y1 


Di 
E1 


Fi 


A2 
B2 


C2 


D2 PIN 14=Vec 
PIN 7 =GND 
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MOTOROLA | 


a SEMICONDUCTOR 
TECHNICAL DATA 





MC54/74HC73 


Dual J-K Flip-Flop with Reset 
High-Performance Silicon-Gate CMOS 


The MC54/74HC73 is identical in pinout to the LS73. The device inputs are com- | J SUFFIX 
- patible with standard CMOS outputs; with pullup resistors, they are compatible with CERAMIC 
CASE 632-08 
LSTTL outputs. 
Each flip-flop is negative-edge clocked and has an active-low asynchronous reset. 
The MC54/74HC73 is identical in function to the HC107, but has a different 


pinout. 

@ Output Drive Capability: 10 LSTTL Loads N SUFFIX 
® Outputs Directly interface to CMOS, NMOS, and TTL Paes 
@ Operating Voltage Range: 2 to 6 V 

@ Low Input Current: 1 pA 

@ High Noise Immunity Characteristic of CMOS Devices 

@ in Compliance with the Requirements Defined by JEDEC Standard No. 7A 

@® Chip Complexity: 92 FETs or 23 Equivalent Gates 


ORDERING INFORMATION 


MC74HCXXN Plastic 
MC54HCXXJ Ceramic 


Ta = —55° to 125°C for all packages. 








LOGIC DIAGRAM Dimensions in Chapter 6. 
14 
. Ley 
Clock 1-—— 
oc ie PIN ASSIGNMENT 
3 OT 
K1 Clock 191 
Reset 1 Z Reet G2 
J2 
Clock 2 
K2 
Reset 2 
Pin4=Vcc 
Pin 11=GND FUNCTION TABLE 


[| inputs | Outputs 
Reset Clock JK] a a | 
L H 
No Change 
L H 
H L 
Toggle 
No Change 
| No Change 

No Change 


<x x< KX Dear KIA 


J 
X 
L 
L 
H 
H 
X 
X 
X 





a 
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MC54/74HC73 


MAXIMUM RATINGS* 


Symbol 





This device contains protection 
circuitry to guard against damage 

















DC Supply Voltage (Referenced to GND) -0.5 to +7.0 oe Oke ! 
due to high static voltages or electric 
DC Input Voltage (Referenced to GND) ~1.5 to Vee +1.5 fields. However, precautions must 
DC Output Voltage (Referenced to GND) —0.5 to Vcc +0.5 be taken to avoid applications of any 
: voltages to this high-impedance 
DC Output Current, Pel. Pin circuit. For proper operation, Vin and 

f PD Power Dissipation in Still Air, Plastic or Ceramic DIPT mw range GND S(Vjn or Voyt) = Vcc. 
Storage Temperature —65 to +150 °C Unused INBUES must always be tied 
to an appropriate logic voltage level 
TL Lead Temperature, 1 mm from Case for 10 Seconds (e.g., either GND or Vcc). Unused 

(Plastic DIP) | outputs must be left open. | 
(Ceramic DIP) 


* Maximum Ratings are those values beyond which damage to the device may occur. 
Functional operation should be restricted to the Recommended Operating Conditions. 
tDerating — Plastic DIP: — 10 mW/°C from 65° to 125°C 
Ceramic DIP: — 10 mW/°C from 100° to 125°C 
For high frequency or heavy load considerations, see Chapter 4. 


RECOMMENDED OPERATING CONDITIONS 


[symbot[ Parameter S«Y’CMin“| Max [Unit 
Voc [BC Supply Vonage Referenced io GND)———=« 0 | 80 |v 
[Vin Vout | DC Input Votage, Output Vokage (Referenced to GND) | 0 | Veo | _V__ 


tr, tg | Input Rise and Fall Time 1000 
500 
400 


(Figure 1) 
DC ELECTRICAL CHARACTERISTICS (Voltages Referenced to GND) 


Symbol Parameter 


Minimum High-Level input 
Voltage llout| $20 vA 
















Guaranteed Limit 


Vcc 
25°C to e 
2.0 1.5 1.5 













Test Conditions 


Vout = 9.1 V or Vcc —0.1 V . % 7 V 
4.5 3.15 3.15 3.15 


6.0 4.2 4.2 4.2 


Maximum Low-Level Input Vout =9.1 V or V¢c —-0.1 V 2.0 0.3 0.3 0.3 
Voltage Hout! $20 pA 4.5 0.9 0.9 0.9 
6.0 1.2 1.2 1.2 







Maximum Low-Level Output Vin = VIH or VIL 
Voltage Hout] $20 nA 






0.1 
4.5 0.1 0.1 0.1 





0.1 
Vin=VIH oF VIL llout| <4.0 mA : 


6.0 0.1 0.1 
4.5 0.26 0.33 0.40 
lout] <5.2 mA} 6.0 0.26 0.33 0.40 
Maximum Input Leakage Current | Vin =Vcc or GND | 60 | +07 | +10 | +10 | 
Maximum Quiescent Supply Vin=Vecc or GND 4 40 
Current (per Package) lout =9 vA 


NOTE: Information on typical parametric values can be found in Chapter 4. 





IH 
VIL 
OH 
OL 
Icc 


ha 
V Minimum High-Level Output Vin = VIH or VIL 2.0 1.9 1.9 1.9 V 
Voltage Nout| $20 pA 45 4.4 4.4 4.4 
6.0 5.9 5.9 5.9 
Vin = VIH or VIL lloutl<4.0 mA} 4.5 3.98 3.84 3.70 
lout] $5.2 mA] 6.0 5.48 5.34 5.20 
| tin | 
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MC54/74HC73 


AC ELECTRICAL CHARACTERISTICS (C; =50 pF, Input t,=ts=6 ns) 


ly Guaranteed Limit 
Symbol . Parameter | 25°C to 
: ° ° 
fmax | Maximum Clock Frequency (50% Duty Cycle) : : : 4.0 MHz 
(Figures 1 and 4) : 24 20 
: : 28 24 
tpLH, | Maximum Propagation Delay, Clock to Q or : 155 190 
tPHL (Figures 1 and 4) : i 31 38 
: 26 32 
47 
40 
22 
19 


tpLH, | Maximum Propagation Delay, Reset to Q or O : 195 235 
tPHL (Figures 2 and 4) ; 39 
tTLH. | Maximum Output Transition Time, Any Output : 110 
tTHL (Figures 1 and 4) . 

C; : x 


P10, Pr 





NOTES: 
1. For propagation delays with loads other than 50 pF, see Chapter 4. 
2. Information on typical parametric values can be found in Chapter 4. 


Power Dissipation Capacitance (Per Flip-Flop) 
Used to determine the no-load dynamic power consumption: 


Pp=Cpp Vcc4F+Icc Vcc 
For load considerations, see Chapter 4. 





TIMING REQUIREMENTS (input t, = t¢=6 ns) 


| Guaranteed Limit Limit 


Parameter Voc 25°C to <85°C 
—55°C 


Minimum Setup Time, J or K to Clock . 
(Figure 3) : pe 


Minimum Hold Time, Clock to J or K 
(Figure 3) 


Minimum Recovery Time, Reset Inactive to Clock : Ea 


(Figure 2) 


0 
6 
4 


Minimum Pulse Width, Clock 2. 
(Figure 1) : 


17 
100 
2 
17 
80 
1 

1 
80 
1 


Minimum Pulse Width, Reset : 
(Figure 2) : 6 
; 14 


Maximum Input Rise and Fall Times 
(Figure 1) 


NOTE: Information on typical parametric values can be found in Chapter 4. 
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MC54/74HC73 


SWITCHING WAVEFORMS 





= VEC Vcc 

Reset 
GND — GND 

6) 

Q 

Figure 1. 
Se VCE 
Clock 50% 

GND 


Figure 2. 


Test Point 







Output 







Device 
Under 
Test 


— Vcc 





Clock 50% | 
GND == 
* Includes all probe and jig capacitance. 
Figure 3. 
Figure 4. Test Circuit 


EXPANDED LOGIC DIAGRAM 
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MOTOROLA 


1 SEMICONDUCTOR xy 


TECHNICAL DATA 


Advance Information 


Dual D Flip-Flop with Set 


and Reset 
High-Performance Silicon-Gate CMOS 


The MC54/74HC74A is identical in pinout to the LS74. The device inputs are 
compatible with standard CMOS outputs; with pullup resistors, they are com- 
patible with LSTTL outputs. 

This device consists of two D flip-flops with individual Set, Reset, and Clock 
inputs. Information at a D-input is transferred to the corresponding Q output 
on the next positive going edge of the clock input. Both OQ and QO outputs are 
available from each flip-flop. The Set and Reset inputs are asynchronous. 


® Output Drive Capability: 10 LSTTL Loads 

Outputs Directly Interface to CMOS, NMOS, and TTL 
Operating Voltage Range: 2.0 to 6.0 V 

Low Input Current: 1.0 nA 

High Noise Immunity Characteristic of CMOS Devices 
In Compliance with the Requirements Defined by JEDEC Standard No. 7A 
Chip Complexity: 128 FETs or 32 Equivalent Gates 
Improvements over HC74 

® Improved Propagation Delays 

@ 50% Lower Quiescent Power 

@ Improved Input Noise and Latchup Immunity 


LOGIC DIAGRAM 


RESET 1 


DATA 1 


CLOCK 1 


SET 1 
RESET 2 


DATA 2 





PIN 14 = Vcc 
PIN7 = GND 


This document contains information on a new product. 
Specifications and information herein are subject to change without notice. 











NMIC54/74HC74A 


J SUFFIX 
CERAMIC 
CASE 632-08 


N SUFFIX 
mastic 
CASE 646-06 


D SUFFIX 
SOIC 
CASE 751A-02 


ORDERING INFORMATION 


MC74HCXXAN Plastic 
MC54HCXXAJ Ceramic 
MC74HCXXAD SOIC 
Ta = —55° to 125°C for all packages. 
Dimensions in Chapter 6. 


PIN ASSIGNMENT 


RESET1 Qie 


No Change 
No Change 
No Change 


*Both outputs will remain high as long 
as Set and Reset are low, but the output 
states are unpredictable if Set and 
Reset go high simultaneously. 
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MC54/74HC74A 


MAXIMUM RATINGS* 


[sembol| Pmt 
| Vee | DC Supply Voitage (Referenced to GND) —0.5 to +7.0 
DC Input Voltage (Referenced to GND) ~1.5 to Voc + 1.5 


DC Output Voltage (Referenced to GND) ~—0.5 to Voc + 0.5 


vin 
Giga 
Tin | BCimputcurent eorex Sd 
ice 





This device contains protection 
circuitry to guard against damage 
due to high static voltages or elec- 
tric fields. However, precautions 
must be taken to avoid applica- 
tions of any voltage higher than 
maximum rated voltages to this 
high-impedance circuit. For 
proper operation, Vin and Vout 
should be constrained to the 
range GND < (Vin or Vout) <= Vee. 

Unused inputs must always be 
tied to an appropriate logic voit- 
age level (e.g., either GND or 
Vcc). Unused outputs must be 
left open. 


NO | N 
a}; © 
| sla} 2/2/23 /3]<]<|</ 


tout _| DC Output Current, per Pin + 
DC Supply Current, Vcc and GND Pins = 


750 
» §00 


—65 to +150 


+ 
oi 
Oo 






Power Dissipation in Still Air, Plastic or Ceramic DIP 
SOIC Package 













Storage Temperature - a 









Lead Temperature, 1 mm from Case for 10 Seconds 
(Plastic DIP or SOIC Package) 
(Ceramic DIP) 


*Maximum Ratings are those values beyond which damage to the device may occur. 
Functional operation should be restricted to the Recommended Operating Conditions. 





N 





300 





ENDED OPERATING CONDITIONS 
Symbol Parameter 


DC Supply Voltage (Referenced to GND) 
DC Input Voltage, Output Voltage (Referenced to GND) 


Operating Temperature, All Package Types 


Input Rise and Fail Time 
(Figure 1) 


Parameter 















Test Conditions 


Guaranteed Limit 
Vee 


25°C to 2 _ 
2.0 
4.5 
6.0 










Vout = 0.1 Vor Vcc — 0.1 V 
lloutl < 20 uA 


Minimum High-Level Input 
Voltage 













Vout = 0.1 V or Vcc —- 0.1 V 
lout] = 20 A. 


Maximum Low-Level Input 
Voltage 







se} tT et et 

























Minimum High-Level Output Vin = Vin or ViL 2.0 1.9 1.9 1.9 
Voltage Houtl = 20 pA 4.5 4.4 4.4 4.4 
6.0 5.9 5.9 5.9 
Vin = Viv or Vit lout] = 4.0 mA 3.98 3.84 3.7 
lout! <= 5.2 mA 5.48 5.34 5 2 

Maximum Low-Level Output Vin = Vin or Vit 0.1 


Voltage lloutl <= 20 pA 


2.0 : 
4.5 0.1 
6.0 0.1 











So dale ell Ie 
as 


Vin = Vin or VIL lloutl = 4.0 mA 0.26 
Hout| = 5.2 mA 0.26 
Maximum Input Leakage Current {| Vin = Vcc or GND } 6.0 | +01 | +1.0 +1.0 
icc Maximum Quiescent Supply Vin = Vcc = GND 
Current (per Package) lout = 0 pA 
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MC54/74HC74A 


AC ELECTRICAL CHARACTERISTICS (C, = 50 pf, Input t, = tf = 6.0 ns) 




























7 Serato Limit 
Parameter CC ° 
V | 25°C to 0 ° 
. | <85°C | <125°C 

Maximum Clock Frequency (50% Duty Cycle) Oo; 60 | 4. 4.0 
_ (Figures 1 and 4) : : 20 
24 

Maximum Propagation Delay, Clock to O or 150 
(Figures 1 and 4) ; 30 

. 26 
Maximum Propagation Delay, Set or Reset to OQ or 0 160 
(Figures 2 and 4) ' 32 
27 
Maximum Output Transition Time, Any Output 110 
(Figures 1 and 4) 22 


Maximum Input Capacitance 


Power Dissipation Capacitance (Per Flip-Flop) Typical @ 25°C, Voc = 5.0 V 
Used to determine the no-load dynamic power consumption: | e . 
Po = Pp Voo% + icc Vor 


| Vcc 
Symbol Parameter ° 


Minimum Setup Time, Data to Clock go | 100 
(Figure 3) 20: 
17 


















Minimum Hold Time, Clock to Data 
_ (Figure 3) 


Minimum Recovery Time, Set or Reset Inactive to Clock 
(Figure 2) 


Minimum Pulse Width, Clock 
(Figure 1) 









Minimum Pulse Width, Set or Reset 
(Figure 2) 






Maximum Input Rise and Fall Times 
(Figure 1) 






| 2.0 | 1000 1000 1000 
4.5 | 500 500 500 
6.0 | 400. 400 400 
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CLOCK 


Qord 


DATA 


CLOCK 








THL 


Figure 1. 


MC54/74HC74A 


SWITCHING WAVEFORMS 


SET OR 
RESET 


Q OR Q 
Q0RQ 


CLOCK 





EXPANDED LOGIC DIAGRAM 
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50% 
—— GND 


Figure 2. 


TEST POINT 





OUTPUT 







DEVICE 
UNDER 
TEST 


*Includes all probe and jig capacitance 


Figure 4. 








MOTOROLA 


a SEMICONDUCTOR 
TECHNICAL DATA 








MC54/74HC75 
Dual 2-Bit Transparent Latch 


High-Performance Silicon-Gate CMOS — oe 


CASE 620-09 
The MC54/74HC75 is identical in pinout to the LS75. The device inputs are com- 


patible with standard CMOS outputs; with pullup resistors, they are compatible with 
LSTTL outputs. N SUFFIX 
This device consists of two independent 2-bit transparent latches. Each latch PLASTIC 
stores the input data while Latch Enable is at a logic low. The outputs follow the CASE 648-06 
data inputs when Latch Enable is at a logic high. 





@ Output Drive Capability: 10 LSTTL Loads 

@ Outputs Directly Interface to CMOS, NMOS, and TTL D SUFFIX 
@ Operating Voltage Range: 2 to 6 V SOIC 

@ Low Input Current: 1 nA CASE 751B-03 
@ High Noise Immunity Characteristic of CMOS Devices 

@ In Compliance with the Requirements Defined by JEDEC Standard No. 7A 

@ Chip Complexity: 80 FETs or 20 Equivalent Gates ORDERING INFORMATION 


MC74HCXXN Plastic 
MC54HCXXJ Ceramic 
MC74HCXXD SOIC 


Ta = ~—55° to 125°C for all packages. 
Dimensions in Chapter 6. 





PIN ASSIGNMENT 


LOGIC DIAGRAM 


DATA J 00 
INPUTS } py 


2-BIT 
TRANSPARENT 
LATCH 





LATCH 13, 4 
ENABLE 


eee 


PINS =Vec Enable 


PIN 12=GND 


X=don’t care 
Q0 = latched data 











MOTOROLA HIGH-SPEED CMOS LOGIC DATA 


5-68 


MC54/74HC75 


MAXIMUM RATINGS* 


ame ee 
ee ee ET 
Vout | DC Output Voltage (Referenced to GND] | -05tVec+05 | Vv 
[tin [OC input Curent, poring] 
[tou [BC Output Curent, por Pin ——SSS~dCSSC Sm 
Tice | 2¢ Suppty Curent, Vog and GND Pei 


Power Dissipation in Still Air, Plastic or Ceramic DIPt 750 mW 
SOIC Packaget 500 


Storage Temperature —65 to +150 — 


Lead Temperature, 1 mm n from | Case for 10 Seconds 
(Plastic DIP or SOIC Package) 
(Ceramic DIP) 


*Maximum Ratings are those values beyond which damage to the device may occur. 
Functional operation should be restricted to the Recommended Operating Conditions. 
tDerating — Plastic DIP: —10 mW/°C from 65° to 125°C 
~ Ceramic DIP: — 10 mW/°C from 100° to 125°C 
SOIC Package: —7 mW/°C from 65° to 125°C 
For high frequency or heavy load considerations, see Chapter 4. 







This device contains protection 
circuitry to guard against damage 
due to high static voltages or electric 
fields. However, precautions must 
be taken to avoid applications of any 
voltage higher than maximum rated 
voltages to this high-impedance 
circuit. For proper operation, Vjp and 
Vout should be constrained to the 
range GND S(Vjn or Voyt) SVcc: 

Unused inputs must always be tied 
to an appropriate logic voltage level 
(e.g., either GND or Vcc). Unused 
outputs must be left open. 

















RECOMMENDED OPERATING CONDITIONS 


| Symbol | Parameter, =| «Min | Max | Unit | 
TVcg [BC Supply Voltage Referenced GND) ——~SC=~;— | 80 | 
VinnVout [DC Input Voltage, Output Voltage (Referenced to GNDI | 0 | Veo | Vv 
[Ta [Operating Temperature, Al Peckage Types | 65 | +15 [ 0 


tr, tg | Input Rise and Fall Time 1000 
500 
400 


(Figure 1) 
DC ELECTRICAL erAROy TER Site (Voltages Referenced to GND) 


Minimum High-Level Input 























| Guaranteed Limit Limit 
Test Conditions 25°C to 
ache mails 
V 



















Voltage lout] $20 pA ri ace aie ae 
6.0 
VIL Maximum Low-Level Input Vout =0.1 V or Vcc —0. 1 V 2.0 0.3 0.3 0.3 V 
Voltage llout| $20 aad 4.5 
6.0 
Minimum High-Level Output Vin = VIH or VIL 2.0 1.9 1.9 1.9 V 
Voltage llout| 20 pA 4.5 
: 5.9 5.9 5.9 
Vin=ViH or VIL llout| $4.0 mA 3.98 3.84 3.70 
. lout] 5.2 mA 5.48 5.34 5.20 
Maximum Low-Level Output Vin=VIH or VIL 2.0 0.1 0.1 V 






Voltage llout| $20 pA 


VOL 
. Vin= VIH or ViL al eA 0.26 0.33 0.40 






Maximum Input Leakage Current Vin= Vcc or GND reo | aoa | 440 | 410 | aA 


Maximum Quiescent Supply . Vin=Vcc or GND pA 
Current (per Package) lout =0 pA 


NOTE: Information on typical parametric values can be found in Chapter 4 . 
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MC54/74HC75 


AC ELECTRICAL CHARACTERISTICS (C; =50 pF, Input t,=t=6 ns) 


? | Guaranteed Limit | Limit 
Symbol Parameter v ° 


tpLH, | Maximum Propagation Delay, D to Q | 
tPHL (Figures 1 and 5) is 
. 6.0 


tp_H, | Maximum Propagation Delay, D to 0 2.0 
tPHL (Figures 1 and 5) 4.5 
6.0 


tpLH. | Maximum Propagation Delay, Latch Enable to 
tPHL (Figures 2 and 5) 


tpLH, | Maximum Propagation Delay, Latch Enable to 0 
tPHL (Figures 2 and 5) 


tTLH, | Maximum Output Transition Time, Any Output 
tTHL (Figures 3 and 5) 





Cin Maximum Input Capacitance 


NOTES: > 
1. For propagation delays with loads other than 50 pF, see Chapter 4. 
2. Information on typical parametric values can be found in Chapter 4. 


Power Dissipation Capacitance (Per Latch) 

Used to determine the no-load dynamic power consumption: 
Pp=Cpp Vec*f+Iec Vec 

For load considerations, see Chapter 4. 





TIMING REQUIREMENTS (input t, = ts=6 ns) 


Minimum Setup Time, D to Latch Enable 
(Figure 4) 


he Minimum Hold Time, Latch Enable to D 


(Figure 4) 


Minimum Pulse Width, Latch Enable Input 
(Figure 4) 


Maximum Input Rise and Fall Times 


(Figure 1) 





NOTE: Information on typical parametric values can be found in Chapter 4. 








MOTOROLA HIGH-SPEED CMOS LOGIC DATA 
5-70 


MC54/74HC75 


SWITCHING WAVEFORMS 


LATCH 
ENABLE 








i 50% a 50% 
Figure 1 Figure 2 
VALID 
Vec 
D 
GND 
tTLH THL 
ANY 90% LATCH ae —— Voc 
OUTPUT 10% ENABLE GND 
Figure 3 tw 
Figure 4 
TEST POINT 





OUTPUT 





DEVICE 
UNDER 
TEST 







*Includes all probe and jig capacitance. 


Figure 5. Test Circuit 





EXPANDED LOGIC DIAGRAM 


DO 2,6 | | | 
O—O 00 
. Q yg 





DATA 
INPUTS 
eh 
O a0 
7 
01 alt 
LATCH 13, 4] 
ENABLE 
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- MOTOROLA __ 
‘m= SEMICONDUCTOR @ 
TECHNICAL DATA 





Dual J-K Flip-Flop — 


with Set and Reset —_—/ | RT cams 


ope aps CASE 620-09 
High-Performance Silicon-Gate CMOS “e 
The MC54/74HC76 is identical in pinout to the LS76. The device inputs are com- ‘N SUFFIX 
patible with standard CMOS outputs; with pullup resistors, they are compatible with PLASTIC 
LSTTL outputs. CASE 648-06 
Each flip-flop is negative-edge clocked ang has active-low asynchronous Set and 
Reset inputs. 
The HC76 is identical in function to the HC112, but has ‘a different pinout. | D SUFFIX 
® Similar in Function to the LS76 Except When Set and Reset are Low | | | SOIC 
Simultaneously | | | _ CASE 751B-03 
Output Drive Capability: 10 LSTTL Loads . ; 
Outputs Directly Interface to CMOS, NMOS, and TTL | . : 
Operating Voltage Range: 2 to 6 V | 7 _ ORDERING INFORMATION. 
Low Input Current: 1 pA 


‘High Noise Immunity Characteristic of CMOS Devices | MC74HCXXN Plastic 
In Compliance with the Requirements Defined by JEDEC Standard No. 7A Mpeaieeas a 
Chip Complexity: 100 FETs or 25 Equivalent Gates sine 


Ta = —55° to 125°C for all. packages. 
Dimensions in Chapter 6, 









No Change 
No Change 
No Change 


PIN ASSIGNMENT 
LOGIC DIAGRAM 
Clock 141® 
Set 1 
Set 1 a 
Reset 1 
a K1 J1 
Clock 1 VCC 
Clock 2 
J1 Set 2 
ere Reset 2 
Set 2 
K2 
i Clock 2 
LE Xx 
JQ « H X 
L : a L* L* 
H Ns No Change 
7 Reset 2 re ae L H 
Pin5=Vec H aS a 
Pin 13='GND H NS Toggle 
H L 
H H | 
H 7 


x x 





* Both outputs will remain low as long as Set and 
-Reset are low, but the output states are unpre- 
dictable if Set and Reset go high simultaneously. - 
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MC54/74HC76 


MAXIMUM RATINGS* 


[Ve [Be Supply Vokage (Referenced io GND) ~~ to +70 | 
[Vin [BC input Votage (Referenced to GND) + 18 tovec+18 | Vv 
Wout | BC Output Voge (Referenced to GND) | ~0StoVec+os | V 
[in [oC stare perp gana 
06 Sune Cure Peas 

BC Supp Cuen. Vog an GND Pes || 


—lec._0 8: peseatenl in Still Air, Plastic or Ceramic DIPT ae 
SOIC Packaget 


T stg Storage Temperature —65 to + 150 















This device contains protection 
circuitry to guard against damage 
due to high static voltages or electric 
fields. However, precautions must 
be taken to avoid applications of any: 
voltage higher than maximum rated 
voltages to this high-impedance 
circuit. For proper operation, Vj, and 
Vout should be constrained to the 
range GND $(Vin or Vout) S$ Vcc. 

Unused inputs must always be tied 
to an appropriate logic voltage level 


\é.g., either GND or Voc}. Unused 
| outputs must be left open. | 














Lead Temperature, 1 mm from Case for 10 Seconds 
(Plastic DIP or SOIC Package) 
(Ceramic DIP) 


* Maximum Ratings are those values beyond which damage to the device may occur. 
Functional operation shauld be restricted to the Recommended Operating Conditions. 


tDerating — Plastic DIP: —10 mW/°C from 65° to 125°C 
Ceramic DIP: — 10 mW/°C from 100° to 125°C 
SOIC Package: —7 mW/°C from 65° to 125°C 
For high frequency or heavy load considerations, see Chapter 4. 


/ 


RECOMMENDED OPERATING CONDITIONS 


Tmax [Unie | 
< DC Supply Voltage (Referenced to GND) oe 
DC Input Voltage, Output Voltage (Referenced to GND) 


Operating Temperature, All Package Types 


DC ELECTRICAL CHARACTERISTICS (Voltages Referenced to GND) 


Symbol Parameter 
Minimum High-Level Input 























Input Rise and Fall Time 
(Figure 1) 








| Guaranteed Limit Limit . 
Test Conditions 25°C to Unit 
~ 55° | 85°C | <125°C 
V 
i sae ate 
6.0 4.2 4.2 















Vout =9.1 V or Vee - 0.1V 
Hout] =20 pA 






Voltage 






















Maximum Low-Level Input | Vout =0.1 V or Vee -0.1 V 2.0 0.3 0.3 0.3 ov 
Voltage Hout] $20 wA 4.5 0.9 0.9 0.9 
6.0 1.2 152 12 








Minimum High-Level Output 

























Vin=VIH or VIL 2.0 1.9 1:9 1.9 V 
Vin=VIH or VIL lout! <4.0 mA} 4.5 3.98 3.84 3.70 
| lout!/ <5-2 mA} 6.0 5.48 5.34 5.20 
Maximum Low-Level Output Vin =VIH or VIL 2.0 0.1 0.1 0.1 


Vin =VIH or VIL lout] =4.0 mA} 4.5 0.26 0.33 0.40 
eevee c senna) <5.2 mA ar 0 =e 26 0.33 0.40 
Maximum Input Leakage Current | Vin Vine=VccorGND sd or GND | 0.4 | 1 


Maximum Quiescent Supply Vin= Vcc or GND 
Current (per Package) lout =0 pA 


NOTE: Information on typical parametric values can be found in Chapter 4. 
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AC ELECTRICAL CHARACTERISTICS (C; =50 pF, Input t, =ts=6 ns) 
: Guaranteed Limit 
Symbol . Parameter “ee 25°C to ‘ 
| _ 55°C =<85°C | <125°C 
fmax | Maximum Clock Frequency (50% Duty Cycle) 2.0 6.0 4.8 4.0 
(Figures 1 and 4) 4.5 30 20 
6.0 35 24 
tpLH, | Maximum Propagation Delay, Clock to Q or O ; 125 190 
tPHL (Figures 1 and 4) : 25 38 
21 32 
tp_H, | Maximum Propagation Delay, Reset to QO or O 155 235 
tPHL (Figures 2 and 4) ‘ 31 
26 
tpLH, | Maximum Propagation Delay, Set to Q or ; 165 
tPHL (Figures 2 and 4) . 33 
28 
tTLH, | Maximum Output Transition Time, Any Output : 75 
tTHL (Figures 1 and 4) i 


Maximum Input Capacitance 


NOTES: | 
1. For propagation delays with loads other than 50 pF, see Chapter 4. 
. 2. Information on typical parametric values can be found in Chapter 4. 











Power Dissipation Capacitance (Per Flip-Flop) Typical @ 25°C, Vcc =5.0 V 


Used to determine the no-load dynamic power consumption: 


Pp=Cpp Vec*F+Icc Vec 
-{ For load considerations, see Chapter 4. 





TIMING REQUIREMENTS (input t,=t=6 ns) 


Symbol Parameter vee 25°C to 2 ‘ 
_5B°C =85°C | =125°C 












Minimum Setup Time, J or K to Clock 125 
(Figure 3) 25 30 
21 






26 





Minimurn Hold Time, Clock to J or K 
(Figure 3) 
















Minimum Recovery Time, Set or Reset Inactive to Clock 
(Figure 2) . 


Minimum Pulse Width, Clock 
(Figure 1) 


Minimum Pulse Width, Set or Reset 
(Figure 2) 


Maximum Input Rise and Fall Times 
(Figure 1) 


NOTE: Information on typical parametric values can be found in Chapter 4. 
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SWITCHING WAVEFORMS 








ae V 
Vcc Set or CC 
Clock pagel 
GND — GND 
QorQ 
'tPLH = tpHL 
QorQ 
QorQ 
tTLH tTHL 
Figure 1. ee NOG 
Clock 50% 
GND 
Figure 2. 


Test Point 





Vcc 
Jork 
GND 
ae 
——- Vcc 
Clock 50% 
GND — 
: * Includes all probe and jig capacitance. 
Figure 3. E samen 


Figure 4. Test Circuit 


EXPANDED LOGIC DIAGRAM 
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MOTOROLA 


a SEMICONDUCTOR 
TECHNICAL DATA | 


MC54/74HC85_ | 


; J SUFFIX 
The MC54/74HC85 is identical.in pinout and function to the LS85. This device is ; RAA CERAMIC 


similar in function to the MM74C85 and L85, but has a different pinout. The device | | CASE 620-09 
inputs are compatible with standard CMOS outputs; with pullup resistors, they are 
compatible with LSTTL outputs. 


This 4-Bit Magnitude Comparator compares two 4-bit nibbles and gives a high 








4-Bit Magnitude Comparator 
High-Performance Silicon-Gate CMOS 


voltage level on either the A>Bouyt, A= Bout, or A< Boyt output, leaving the other N SUFFIX 
two at a low voltage level. This device also has A>Bjn, A= Bjn, and A< Bin inputs, PLASTIC 
eliminating the need for external gates when cascading. CASE 648-06 
@ Output Drive Capability: 10 LSTTL Loads 
@ Outputs Directly Interface to CMOS, NMOS, and TTL 

' @ Operating Voltage Range: 2 to 6 V 
@ Low Input Current: 1 vA 
@ High Noise Immunity Characteristic of CMOS Devices ORDERING INFORMATION 
@ In Compliance with the Requirements Defined by JEDEC Standard No. 7A 
@ Chip Complexity: 248 FETs or 62 Equivalent Gates MC74HCXXN Plastic 


MC54HCXXJ Ceramic 


Ta = —55° to 125°C for all packages. 
Dimensions in Chapter 6. 





LOGIC DIAGRAM PIN ASSIGNMENT 


DATA 
| 5 _ 


COMPARISON 
OUTPUTS 





CASCADING 
INPUTS 





PIN 16=Vec 
PIN 8 = GND 
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MAXIMUM RATINGS* 


Symbol 





This device contains protection 
circuitry to guard against damage 
due to high static voltages or electric 
fields. However, precautions must 
be taken to avoid applications of any 
voltage higher than maximum rated 
voltages to this high-impedance 
circuit. For proper operation, Vin and 
Vout Should be constrained to the 
range GND <(Vjn or Vout) = Vcc. 

Unused inputs must always be tied 
to an appropriate logic voltage level 


(é.g., either GND or Vcc). Unused 
| outputs must be left open. | 





Toni 
: 
eC 











Se oT oe SRR Rae Tee 
Pp | Power Dissipation in Stil Ar, Plasto of Ceramic DIPT| 750 


Lead Temperature, 1 mm from Case for 10 Seconds 
(Plastic DIP } 
(Ceramic DIP) 


* Maximum Ratings are those values beyond which damage to the device may occur. 
Functional operation should be restricted to the Recommended Operating Conditions. 
tDerating — Plastic DIP: — 10 mW/°C from 65° to 125°C 
Ceramic DIP: — 10 mW/°C from 100° to 125°C 
For high frequency or heavy load considerations, see Chapter 4. 








RECOMMENDED OPERATING CONDITIONS 


Symbol | Max | Unit _| 
DC Supply Voltage (Referenced to GND) | 60 | ve 
DC Input Voitage, Output Voltage (Referenced to GND) 

Operating Temperature, All Package Types | —55 | +125] °c | 


tr, tf | Input Rise and Fall Time 
(Figure 1) 

Vcc 

25°C to 
2.0 1.5 1.5 V 
4.5 3.15 3.15 

6.0 4.2 4.2 
2.0 0.3 0.3 V 
4.5 0.9 0.9 
6.0 1.2 1.2 





















Test Conditions 












Minimum High-Level Input 
Voltage 


Vout =0.1 V or Voc —0.1 V 
lout] =20 pA 











Maximum Low-Level Input 
Voltage 


Vout = 9.1 Vor Vcc —0.1 V 
lout] $20 pA 






































Minimum High-Level Output Vin = VIH or VIL 2.0 1.9 1.9 1.9 V 
Voltage llout| $20 pA 4.5 : : 
6.0 5.9 5.9 5.9 
Vin = Vik or VIL llout| 34.0 mA 3.98 3.84 3.70 
lout! =5.2 mA 5.48 5.34 5.20 
Maximum Low-Level Output Vin = VIH or VIL 2.0 0.1 0.1 0.1 V 
Voltage Hout] 20 pA 4.5 0.1 0.1 0.1 





0.1 


6.0 0.1 0.1 
Vin = VIH or VIL 0.26 0.40 
0.26 0.40 
Maximum Input Leakage Current | Vin= Vcc or GND | 60 | +01 | +10 | +10 | 4A __| 


lec Maximum Quiescent Supply Vin=Vcc or GND pA 
Current (per Package) lout =0 vA 


NOTE: Information on typical parametric values can be found in Chapter 4. 





Hlout| <4.0 mA 
lout! <5.2 mA 
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AC ELECTRICAL CHARACTERISTICS (C; =50 pF, Input t;= t¢=6 ns) 


| | | Guaranteed Limit | Limit 
Symbol | Parameter 


tpLH, | Maximum Propagation Delay, Inputs A or B to Outputs A>B or A<B 
tPHL (Figures 1 and 2) 


tpLH, | Maximum Propagation Delay, Inputs A or B to Output A=B 

tPHL (Figures 1 and 2) | 

tpLH, | Maximum Propagation Delay, Inputs A<B or A=B-to Output A>B 
tpHL | (Figures 1 and 2) 


tpLH, | Maximum Propagation Delay, Inputs A>B or A=B to Output A<B 
tPHL (Figures 1 and 2) 

tpLH, | Maximum Propagation Delay, Input A=B to Output A=B 

tPHL (Figures 1 and 2) 


tTLH, | Maximum Output Transition Time, Any Output 
tTHL (Figures 1 and 2) 


| Cin | Maximum Input Capacitance 


NOTES: 
1. For propagation delays with loads other than 50 pF, see Chapter 4. 
2. Information on typical parametric values can be found in Chapter 4. 


Power Dissipation Capacitance (Per Package) Typical @ 25°C, Vcc =5.0 V 


Used to determine the no-load dynamic power consumption: 
Pp=Cpp Vec+Icc Vec | pF 
For load considerations, see Chapter 4. 












Vec Test Point 







Inputs Output 
GND Device 
Under © . 
Test T oL 
Outputs = 
* Includes all probe and jig capacitance. 
Figure 2. Test Circuit 
Outputs 





Figure 1. Switching Waveforms 
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PIN DESCRIPTIONS 


INPUTS 

AO, A1, A2, A3 (Pins 10, 12, 13, 15) — Data Nibble A 
Inputs. The data nibble present at these inputs is compared 
to Data Nibble B. A3 is the most significant bit and AO is the 
least significant bit. 

BO, B1, B2, B3 (Pins 9, 11, 14, 1) — Data Nibble B Inputs. 
The data nibble present at these inputs is compared to Data 
Nibble A. B3 is the most significant bit and BO is the least 
significant bit. 


CONTROLS 

A>Bjn, A=Bin, A<Bjn (Pins 4, 3, 2) — Cascading 
inputs. These inputs determine the states of the outputs only 
when Data Nibble A equals Data Nibble B. The A= Bin input 
overrides both the A> Bjn and A< Bip inputs. 

For single stage operation or for the least significant stage 
in cascaded operation, the A< Bjn and A> Bin inputs should 
be tied to ground and the A= Bip input tied to Vcc. Between 
cascaded comparators, the A< Boyt, A= Bout, and A> Bout 


outputs should be tied to A<Bjn, A=Bjn, and A>Bin, 
respectively, of the succeeding stage. 


OUTPUTS 


A> Bout (Pin 5) — A-Greater-Than-B Output. This output 
is at a high voltage level when Nibble A is greater than Nibble 
B, regardless of the data present at the cascading inputs. This 
output is also high when Nibble A equals Nibble B and the 
A> Bin input is high (A < Bjn and A= Bin are at a low voltage 
level). 

A= Bout (Pin 6) — A-Equals-B Output. This output is high 
when Nibble A equals Nibble B and the A= Bin input is high. 
A<Bjn and A> Bin have no effect when the comparator is in 
this condition and A = Bin is at a high voltage level. 

A< Bout (Pin 7) — A-Less-Than-B Output. This output is 
at a high voltage level when Nibble A is less than Nibble B, 
regardless of data present at the cascading inputs. This output 
is also high when Nibble A equals Nibble B and the A<Bijn 
input is high (A>Bjpn and A= Bin are at a low voltage level). 


FUNCTION TABLE 













Data Inputs 
ce 
X X X 
X X ; X 
A2>B2 X X 
A2<B2 Xx x 





X 
X 






A0< BO 





X= Don’t Care 





Cascaing Tat 
Al, B1 AO, BO A> Bin A= Bin A< Bin A> Bout A= Bout A< Bout 
L 


<x K 


<x Dorr 


<x <x 
xx <x <x «Xx 
[>< rm —IryxK x & &<|xK & O& OX 
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EXPANDED LOGIC DIAGRAM 
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TYPICAL APPLICATION 


CASCADING COMPARATORS 


GND 


VCC 
GND 


Least- 
Significant 
4-Bit BO 
Nibbles 


AA 
AS 
AG 
A7 
B4 
B5 
B6 
B7 


Most- 
Significant 
4-Bit B8 
Nibbles 





Outputs 





a a a aS en 
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IVIC54/74HC86 


Quad 2-Input Exclusive OR Gate : : 


High-Performance Silicon-Gate CMOS | —— s (eertie 


CASE 632-08 
The MC54/74HC86 is identical in pinout to the LS86; this device is similar in func- 


tion to the MM74C86 and L86, but has a different pinout. The device inputs are 
compatible with standard CMOS outputs; with pullup resistors, they are compatible 
with LSTTL outputs. . N SUFFIX 


es PLASTIC 
Output Drive Capability: 10 LSTTL Loads CASE 646-06 
Outputs Directly Interface to CMOS, NMOS, and TTL 

Operating Voltage Range: 2 to 6 V 
Low Input Current: 1 uA 

High Noise Immunity Characteristic of CMOS Devices | : pet 
In Compliance with the Requirements Defined by JEDEC Standard No. 7A CASE 751A-02 
Chip Complexity: 56 FETs or 14 Equivalent Gates 


ORDERING INFORMATION 


| MC74HCXXN _ Plastic 
LOGIC DIAGRAM MC54HCXXJ Ceramic 


MC74HCXXD SOIC 


Al | Ta = —55° to 125°C for all packages. 
y) : Y1 Dimensions in Chapter 6. 


a2 | | } 
5 by | PIN ASSIGNMENT 
- Y=Ae@B 
; =AB+AB 
A3 g 
10 ¥3 
B3 
A4 Les 11 
v4 
pa— 
PIN 14=Vee 
PIN 7=GND 





FUNCTION TABLE 
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MAXIMUM RATINGS* 


Symbol | Parameter | Value | Unit _| 
DC Supply Voltage (Referenced to GND) —0.5 to +7.0 fF ov 
Vin __ | DC Input Voltage (Referenced to GND) —1.5toVec+15 | Vi | 

lin 
loc | mA | 











This device contains protection 
circuitry to guard against damage 
due to high static voltages or electric 
fields. However, precautions must 
be taken to avoid applications of any 
voltage higher than maximum rated 
voltages to this high-impedance 


: : V 
v 
[tin [DC mput Curent per Pin —SSCS*Sn | 
mA 
mA 


Power Dissipation in Still Air, Plastic or Ceramic DIPt 750 mw 
SOIC Packaget 500 


Storage Temperature ~65 to +150 


circuit. For proper operation, Vj, and 
Vout Should be constrained to the 
range GND <(Vj, or Vout) SVec. 

Unused inputs must always be tied 
to an appropriate logic voltage level 
(e.g., either GND or Vcc). Unused 
outputs must be left open. 


Tsi 













Lead Temperature, 1 mm from Case for 10 Seconds 
(Plastic DIP or SOIC Package) 
(Ceramic DIP) 






* Maximum Ratings are those values beyond which damage to the device may occur. 
Functional operation should be restricted to the Recommended Operating Conditions. 


tDerating — Plastic DIP: —10 mW/°C from 65° to 125°C 
Ceramic DIP: —10 mW/°C from 109° to 125°C 
SOIC Package: —7 mW/°C from 65° to 125°C 
For high frequency or heavy load considerations, see Chapter 4. 


RECOMMENDED OPERATING CONDITIONS 


[symboi[ Parameter SSS*:COMn 


tr, te | Input Rise and Fall Time 
(Figure 1) 

















DC ELECTRICAL CHARACTERISTICS (Voltages Referenced to GND) 


Symbol Parameter 










Vcc 





Test Conditions 
















Minimum High-Level Input Vout =9.1 V or Voc —-0.1 V 2.0 : 
Voltage out] <20 nA 4.5 3.15 
6.0 























Maximum Low-Level Input Vout =9.1 V or Vcc —-0.1 V 2.0 ; 
Voltage Hout] $20 vA 4.5 0.9 
6.0 










2.0 
4.5 







Minimum High-Level Output 
Voltage 


Vin = Vin or VIL 
lout] $20 pA 


4.4 4A 4. 
6.0 5.9 5.9 5.9 
| Nout! <5.2 mA 5.48 5.34 5.20 


Vin = Vin or VIL 2.0 
6.0 
lout! $4.0 mA 0.26 0.40 


Maximum Input Leakage Current | Vin =Vcc or GND | 6.0 | +01 | + 1.0 














Maximum Low-Level Output 
Voltage 








Vin = Vin oF VIL 


bal 
Lect 


Maximum Quiescent Supply Vin=Vcc or GND 
Current (per Package) lout =9 vA 


NOTE: Information on typical parametric values can be found in Chapter 4. 


IH 
VIL 
OH 
OL 
Icc 
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AC ELECTRICAL CHARACTERISTICS (C, =50 pF, Input t,=t¢=6 ns) 













Parameter 







| Guaranteed Limit Limit 

25°C to Fe S 
‘ 120 be he 
4.5 24 
6.0 20 se 
2.0 75 95 a 
4.5 15 19 
6.0 - 13 16 7 

Maximum Input Capacitance 7 a ae ee ee ae 

ee 


1. For propagation delays with loads other than 50 pF, see Chapter 4. 
2. Information on typical parametric values can be found in Chapter 4. 


Power Dissipation Capacitance (Per Gate) ei Typical @ 25°C, Vcc =5.0 V 


Used to determine the no-load dynamic power éonsuiipion: 


Pp=Cpp Vec2ft+ Icc Vec | 33 
For load considerations, see Chapter 4. 






Maximum Propagation Delay, Input A or B to Output Y 
(Figures 1 and 2) 







Maximum Output Transition Time, Any Output 
(Figures 1 and 2) 

















TEST POINT 


INPUT 


A ORB DEVICE 


UNDER 
TEST 







QUTPUT Y 





*Includes all probe and jig Capacitance. 


Figure 1. Switching Waveforms Figure 2. Test Circuit 


EXPANDED LOGIC DIAGRAM 
(% of Device) 
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NIC54/74HC107 


Dual J-K Flip-Flop with Reset 
High-Performance Silicon-Gate CMOS 


J SUFFIX 
CERAMIC 
CASE 632-08 


The MC54/74HC107 is identical in pinout to the LS107. The device inputs are 
compatible with standard CMOS outputs; with pullup resistors, they are compatible 
with LSTTL outputs. 

Each flip-flop is negative-edge clocked and has an active-low asynchronous reset. 

The HC107 is identical in function to the HC73, but has a different pinout. 


Output Drive Capability: 10 LSTTL Loads 
Outputs Directly Interface to CMOS, NMOS, and TTL prepa 
Operating Voltage Range: 2 to 6 V CASE 646-06 
Low Input Current: 1 pA 14 

1 


High Noise Immunity Characteristic of CMOS Devices 
In Compliance with the Requirements Defined by JEDEC Standard No. 7A 
Chip Complexity: 92 FETs or 23 Equivalent Gates 


ORDERING INFORMATION 


MC74HCXXXN Plastic 
MC54HCXXXJ Ceramic 


Ta = —55° to 125°C for all packages. 
Dimensions in Chapter 6. 





LOGIC DIAGRAM 


1 PIN ASSIGNMENT 





Jj 

YGE 

Reset 1 

or | Clock 1 
K2 
Reset 2 
Clock 2 
J2 


Clock 1 


K1 


Reset 1 


J2 





Clock 2 
K2 
Reset 2 pa eusbods 
Reset Clock 
Pin 14=Vcc L H 
Pin 7 = GND 


No Change 
Le H 
H L 

_ Toggle 

No Change 

No Change 

No Change 


K 
x 
E 
H 
L 
H 
X 
! 
X 





ka 
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MAXIMUM RATINGS* 


[symbol] ___——~=avameter——=—~=~S~*~*~*~w;C*é‘“<~*é «YC 
[Fo [Power sisson nil A, Past or ane DPT] 780___‘|_mW 


Lead Temperature, 1 mm from Case for 10 Seconds 













This device contains protection 
circuitry to guard against damage 
due to high static voltages or electric 
fields. However, precautions must 
be taken to avoid applications of any 
voltage higher than maximum rated 
voltages to this high-impedance 


circuit. For proper operation, Vj; and 
Vout should be constrained to the 
range GND $(Vjn or Vout) = Vcc: 

Unused inputs must always be tied 
to an appropriate logic voltage level 
(e.g., either GND or Vcc). Unused 
outputs must be left open. 









(Plastic DIP) 
(Ceramic DIP) 


*Maximum Ratings are those values beyond which damage to the device may occur. 
Functional operation should be restricted to the Recommended Operating Conditions. 
tDerating — Plastic DIP: — 10 mW/°C from 65° to 125°C 
Ceramic DIP: — 10 mW/°C from 100° to 125°C 
For high frequency or heavy load considerations, see Chapter 4. 





RECOMMENDED OPERATING CONDITIONS 


DC Supply Voltage (Referenced to GND) 
DC Input Voltage, Output Voltage (Referenced to GND) 


Operating Temperature, All Package Types 


tr, te | Input Rise and Fali Time 
(Figure 1) 




























Test Conditions 


VEC | 35° to 
1.5 1.5 V 
. 4,2 









Minimum High-Level Input 
Voltage 


Vout = 9.1 V or Vec—-0.1 V 
lout} $20 pA 
















Maximum Low-Level Input’ 
Voltage 


Vout =0.1 V or Vcc —-0.1 V 
llourl $20 pA 















Minimum High-Level Output 
Voltage 


Vin= Ving or Vit 
llout| $20 pA 





























5.9 5.9 5.9 
Vin = Vin or VIL out] $4.0 mA 3.98 3.84 3.70 
. Hoyt] $5.2 mA 5.48 5.34 5.20 
Maximum Low-Level Output Vin = Vin or Vib 2.0 1 
Voltage Hout] 20 pA 4.5 y 
6.0 1 
Vin = Vin or VIL llout| =4.0 mA 0.26 
how lini | Maximum Input Leakage Current | Vin = Vcc or GND | 6.0 | +0.1 
Icc Maximum Quiescent Supply Vin= Vcc or GND 
Current (per Package) lout =O nA 


NOTE: Information on typical parametric values can be found in Chapter 4. 
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AC ELECTRICAL CHARACTERISTICS (C; =50 pF, Input t;=ts=6 ns) 


Parameter 


25°C to 

Maximum Clock Frequency (50% Duty Cycle) : : 4.8 4.0 
(Figures 1 and 4) 4.5 24 20 : 

6.0 28 24 

Maximum Propagation Delay, Clock to Q or Q 2.0 155 190 

(Figures 1 and 4) 4.5 i <a 38 

6.0 26 32 

; 235 


Vcc 
V 
2.0 


Maximum Propagation Delay, Reset to OQ or Q 
(Figures 2 and 4) 


tTLH, | Maximum Output Transition Time, Any Output 
tTHL (Figures 1 and 4) 


NOTES: 
1. For propagation delays with loads other than 50 pF, see Chapter 4. 
2. Information on typical parametric values can be found in Chapter 4. 


Power Dissipation Capacitance (Per Flip-Flop) Typical @ 25°C, Vcc =5.0 V 


Used to determine the no-load dynamic power consumption: 
Pp=Cpp Vcec2f+lec Vcc 35 pF 
For load considerations, see Chapter 4. 








TIMING REQUIREMENTS (input t,=t¢=6 ns) 





: 
CC 
Parameter 25°C to 
V | ggeg | <85°C | <125°C 
Minimum Setup Time, J or K to Clock 2.0 100 125 150 ns 
(Figure 3) 4.5 20 2 
6.0 17 2 
2 
2 


(Figure 3) 4.5 3 3 3 


0 
6 
Minimum Hold Time, Clock to J or K 2.0 3 3 3 ns 
3 3 
150 ns 
0 
6 
4 
0 
4 
0 


6.0 3 


Minimum Recovery Time, Reset Inactive to Clock 2.0 125 
(Figure 2) ; 20 
. 17 2 





5 3 
1 2 
5 3 
1 2 
Minimum Pulse Width, Clock : 80 100 120 ns 
(Figure 1) : 16 0 2 
: 14 17 2 
Minimum Pulse Width, Reset . 80 100 120 ns 
(Figure 2) : 16 20 2 
; 14 17 2 
Maximum Input Rise and Fall Times 1000 1000 1000 ns 
(Figure 1) 500 500 500 
; 400 400 400 


NOTE: Information on typical parametric values can be found in Chapter 4. 
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SWITCHING WAVEFORMS 















c. (NEC Vcc 
Clock Reset 
GND | —— GND 
Q 
Qord 
re) 
Figure 1. , — Voc 
Clock 50% 
GND 
Figure 2. 
Test Point 
Jork Voc Output 
Device 
GND Under : 
Test CL 
=~ Vcc 
Clock 50% 
GND = 
* Includes all probe and jig capacitance. 
piguie's: Figure 4. Test Circuit 
EXPANDED LOGIC DIAGRAM 
Reset 130 





Pe. 3,5 Q 
aD 


Clock 
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MOTOROLA 


a SEMICONDUCTOR 
TECHNICAL DATA 


NMIC54/74HC109 


Dual J-K Flip-Flop 


- J SUFFIX 
with Set and Reset : Se 
ae CASE 620-09 
High-Performance Silicon-Gate CMOS 
The MC54/74HC109 is identical in pinout to the LS109. The device inputs are N SUFFIX 
compatible with standard CMOS outputs; with pullup resistors, they are-compatible PLASTIC 


with LSTTL outputs. _ CASE 648-06 
This device consists of two J-K flip-flops with individual set, reset, and clock in- 


puts. Changes at the inputs are reflected at the outputs with the next low-to-high 


transition of the clock. Both Q and Q outputs are available from each flip-flop. D SUFFIX 





@ Output Drive Capability: 10 LSTTL Loads was SOIC 

® Outputs Directly Interface to CMOS, NMOS, and TTL 7 CASE 751B-03 
@ Operating Voltage Range: 2 to 6 V 

@ Low Input Current: 1 pA 

@ High Noise immunity Characteristic of CMOS Devices ORDERING INFORMATION 

@ In Compliance with the Requirements Defined by JEDEC Standard No. 7A 

rd 


Chip Complexity: 148 FETs or 37 Equivalent Gates MC74HCXXXN Plastic 
MC54HCXXXJ Ceramic 


MC74HCXXXD SOIC 


Ta = —55° to 125°C for all packages. 
Dimensions in Chapter 6. 








PIN ASSIGNMENT 
LOGIC DIAGRAM | 
Reset 191@ 
Set 1 
Ki 
Clock 1 
Jt 
Reset 1 
Set2 —! 
3 13 r 
Ne 02 Set__Reset Clock aa 
Clock2 —!4 ‘ ; : 
L L H 
Reset 2 —_2 L Toggle 
H No Change 
H Ho 
Pin 16= Vcc X No Change 
Pin 8= GND 





* Both outputs will remain high as long as Set and 
Reset are low, but the output states are unpre- 
dictable if Set and Reset go high simultaneously. 
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MC54/74HC109 


MAXIMUM RATINGS* 


ER "eee BER NERS 
we DC Supply Voltage (Referenced to GND) —0.5to +7.0 Paw 
| Vin | DC Input Voltage (Referenced to GND) — 1.5 to > Ve +t: 5 a 





This device contains protection 
circuitry to guard against damage 
due to high static voltages or electric 
fields. However, precautions must | 
be taken to avoid applications of any -| 
voltage higher than maximum rated 
voltages to this high-impedance 





[tin |DC put Curent per Pin SC 
SP a De 


Power Digsipation.t in Still Air, Plastic or Ceramic DIPT 750 mW 
SOIC Packaget 500 


Storage Temperature —65 to +150 hee =: 


= Lead Temperature, 1 mm from Case for 10 Seconds 


(Plastic DIP or SOIC Package) 
(Ceramic DIP) 
* Maximum Ratings are those values beyond which damage to the device may occur. 
Functional operation should be restricted to the Recommended Operating Conditions. 
tDerating — Plastic DIP: — 10 mW/°C from 65° to 125°C 
Ceramic DIP: — 10 mW/°C from 100° to 125°C 
SOIC Package: —7 mW/°C from 65° to 125°C 
For high frequency or heavy load considerations, see Chapter 4. 






circuit. For proper operation, Vjp, and 
Vout Should be constrained to the 
range GND <(Vjn or Vout) = Vcc. 

Unused inputs must always be tied 
to an appropriate logic voltage level 
(e.g., either GND or Vcc). Unused 
outputs must be left open. 








RECOMMENDED OPERATING CONDITIONS 


Input Rise and Fall Time 
(Figure 1) 























































| Guaranteed Limit | Limit 
Test Conditions 25°C to | s6rc | tase | 
Minimum High-Level Input Vout =9-1 V or Vec —0.1 V 2.0 
| Voltage Hout! $20 pA 4.5 
6.0 
Maximum Low- Level Input’ Vout =9.1 V or Vcc —-0.1 V 2.0 
Voltage lout} $20 uA 4.5 
6.0 
Minimum High-Level Output Vin = VIH or Vib 2.0 
Voltage lout| $20 pA si 
Vin = Vin or VIL lout] $4.0 mA 3.98 3.84 3.70 
llout| $5.2 mA 5.48 5.34 5.20 
Maximum Low-Level Output Vin = VIH or VIL 
Voltage Hout] $20 pA = is ao - 







6.0 : : 0.1 
Vin = VIH or VIL Hloytl<4.0 mA] 4.5 0.26 0.33 0.40 
lout] <5.2 mA} 6.0 0.26 0.33 0.40 


Maximum Quiescent Supply Vin=Vcc or GND 
Current (per Package) lout =9 pA 


NOTE: Information on typical parametric values can be found in Chapter 4. 
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MC54/74HC109 


AC ELECTRICAL CHARACTERISTICS (C, =50 pF, Input t;=t¢=6 ns) 


2 | Guaranteed Limit Limit 
Symbol Parameter ° 
¥ 25°C to | <esec | <125°C 
—55°C 
fmax | Maximum Clock Frequency (50% Duty Cycle} : . : MHz 
(Figures 1 and 4) He 
6.0 
tpLH, | Maximum Propagation Delay, Clock to Q or O 2.0 175 
tPHL (Figures 1 and 4) 4.5 


Maximum Propagation Delay, Set or Reset to Q or G 
(Figures 2 and 4) 


tTLH, | Maximum Output Transition Time, Any Output 
tTHL (Figures 1 and 4) 


NOTES: 
1. For propagation delays with loads other than 50 pF, see Chapter 4. 
2. Information on typical parametric values can be found in Chapter 4. 





Power Dissipation Capacitance (Per Flip-Flop) 
Used to determine the no-load dynamic power consumption: 


Pp=Cpp Vcc4f+!cc Vcc 
For load considerations, see Chapter 4. 





TIMING REQUIREMENTS (Input ty = t¢ =6 ns) 
Parameter 


Minimum Setup Time, J or K to Clock cae 
(Figure 3) | 25 
21 


Minimum Hold Time, Clock to J or K 
(Figure 3) 


Minimum Recovery Time, Set or Reset Inactive to Clock 
(Figure 2) 


Minimum Pulse Width, Set or Reset : 80 100 
(Figure 2) : 16 vs 220 
: 14 17 
Minimum Pulse Width, Clock | . 80 100 
(Figure 1) 16 20 
: 14 Hs 
Maximum Input Rise and Fall Times : 1000 1000 
(Figure 1) : 500 500 
: 400 400 


NOTE: Information on typical parametric values can be found in Chapter 4. 
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MC54/74HC109 


SWITCHING WAVEFORMS 


Vcc VCC 


Set or 


Reset 
— GND — GND 


Clock 





dorQ 
Q ord 
Qord 
tTLH 
Figure 1. 
VCC 
Clock 50% 
—— GND 
Figure 2. 


Test Point 








es Vcc 
Jork 
GND 
Gy.* 
Vcc 
Clock 50% 
—— GND — 
Figure 3 *\Includes all probe and jig capacitance. 


Figure 4. Test Circuit 
EXPANDED LOGIC DIAGRAM 
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MOTOROLA 


ma SEMICONDUCTOR 
TECHNICAL DATA | 7 | 


MC54/74HC112 


J SUFFIX 





Dual J-K Flip-Flop 
with Set and Reset 


High-Performance Silicon-Gate CMOS CERAMIC 
CASE 620-09 


The MC54/74HC112 is identical in pinout to the LS112. The device inputs are 
compatible with standard CMOS outputs; with pullup resistors, they are compatible 
with LSTTL outputs. 

Each flip-flop is negative-edge clocked and has active-low asynchronous Set and 
Reset inputs. . 

The HC112 is identical in function to the HC76, but has a different pinout. 


N SUFFIX 
PLASTIC 
CASE 648-06 


® Output Drive Capability: 10 LSTTL Loads 

@ Outputs Directly Interface to CMOS, NMOS, and TTL 

@ Operating Voltage Range: 2to6 V 

@ Low Input Current: 1 pA , ' 

~@ High Noise Immunity Characteristic of CMOS Devices ORDERING INFORMATION 

@® |In Compliance with the Requirements Defined by JEDEC Standard No. 7A i, 

@ Similar in Function to the LS112 Except When Set and Reset are Low MC74HCXXXN Plastic 
Simultaneously MC54HCXXXJ Ceramic 

® Chip Complexity: 100 FETs or 25 Equivalent Gates 


Ta = —55° to 125°C for all packages. 
Dimensions in Chapter 6. 





PIN ASSIGNMENT 


LOGIC DIAGRAM 


Clock 1491®@ Vcc 
Set 1 Reset 1 
Reset 2 


Clock 2 


K1 


Clock 1 K2 


J2 
JT 





Reset 1 Q2 








No Change 
No Change 
No Change 


Set2 FUNCTION TABLE 
Set Reset Clock J K|{| Q Q | 
Clock 2 L X X er a 
H X X L H 
uz L x ee ae 
H ae -L | No Change 
Reset 2 H = Ne H Ik H 
. H ™ L H [: 
Pin 16=Vcc H se H Toggle 
Pin 8= GND H ‘ X 
H H X 
a 


x 
x 





* Both outputs will remain low as long as Set and 
Reset are low, but the output states are unpre- 
dictable if Set and Reset go high simultaneously. 
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MC54/74HC112 


MAXIMUM RATINGS* 


Tone] 

"Vin [DC Input Votage (Referenced to GND) + =1S wo Vec+18 | Vv 

Tin [BC input Current, perPin—SSCSC~iSCCi mA 
L 

















| Pp | Power Dissipation in Still Air, Plastic or Ceramic DIPt 
(Plastic DIP) 


T °¢ 
| 260 
(Ceramic DIP) 300 


*Maximum Ratings are those values beyond which damage to the device may occur. 
Functional operation should be restricted to the Recommended Operating Conditions. 
tDerating — Plastic DIP: — 10 mW/°C from 65° to 125°C 
Ceramic DIP: — 10 mW/°C from 100° to 125°C 
For high frequency or heavy load considerations, see Chapter 4. 








Storage Temperature 











Lead Temperature, 1 mm from Case for 10 Seconds 





RECOMMENDED OPERATING CONDITIONS 


DC Input Voltage, Output Voltage (Referenced to GND) 
Operating Temperature, All Package Types 


Parameter 


This device contains protection 
circuitry to guard against damage 
due to high static voltages or electric 
fields. However, precautions must 
be taken to avoid applications of any 
voltage higher than maximum rated 
voltages to this high-impedance 


circuit. For proper operation, Vij and 
Vout should be constrained to the 
range GND S(Vjn or Vout) = Vcc. 

Unused inputs must always be tied 
to an appropriate logic voltage level 
(e.g., either GND or Vcc). Unused 
outputs must be left open. 





Parameter 


Input Rise and Fall Time 


Test Conditions 


(Figure 1) 
VIH Minimum High-Level Input Vout =0.1 V or Vcc —-0.1 V 


° 
SE) we | swe 
: 1.5 1.5 


3.15 3.15 
4.2 4.2 


0.3 0.3 
0.9 0.9 
1.2 1.2 


1.9 


6.0 6.9 5.9 5.9 
lout! <4.0 mA] 4.5 3.98 3.84 3.70 
lout! <5.2 mA} 6.0 5.48 5.34 5.20 
2.0 0.1 0.1 
4.5 0.1 0.1 
6.0 0.1 0.1 
lout! <4.0 mA 0.26 0.33 0.40 
lout] <5.2 mA 0.26 0.33 0.40 


Icc | Maximum Quiescent Supply Vin=Vec or GND | 4 40 pA 
Current (per Package) lout =0 vA . . 


NOTE: Information on typical parametric values can be found in Chapter 4. 





Maximum Low-Level Input’ 
Voltage 


Vout =09.1 Vor Vcc —0.1 V 
lout! $20 pA 


Minimum High-Level Output 
Voltage 


Vin = VIH or VIL 
Noutl $20 pA 





Vin = ViH or ViL 


Maximum Low-Level Output V 
Voltage 


Vin = ViH or Vit 
Hout] $20 pA 


Vin = ViH or ViL 
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MC54/74HC112 


AC ELECTRICAL CHARACTERISTICS (C, =50 pF, Input t, = ts=6 ns) 


; 
Symbol Parameter CC 25°C to 
Vv <85°C | <125°C 
fmax | Maximum Clock Frequency (50% Duty Cycle) 2.0 6.0 4.8 4.0 MHz 
(Figures 1 and 4) 4.5 30 24 20 
6.0 35 28 24 
tp_H, | Maximum Propagation Delay, Clock to Q or O 2.0 125 165 190 
tPHL (Figures 1 and 4) 4.5 25 31 38 
6.0 21 26 32 


tpLH, | Maximum Propagation Delay, Reset to Q or 0 2.0 155 195 235 ns 
tPHL (Figures 2 and 4) 4.5 31 39 4? 


26 33 
tp_H, | Maximum Propagation Delay, Set to Q or Q 2.0 165 205 250 ns 
tPHL (Figures 2 and 4) 4.5 33 41 50 
6.0 28 35 43 
tTLH, | Maximum Output Transition Time, Any Output 2.0 75 95 110 ns 
tTHL (Figures 1 and 4) 4.5 15 19 22 
6.0 13 16 19 


Maximum Input Capacitance Ee 








NOTES: 
1. For propagation delays with loads other than 50 pF, see Chapter 4. 
2. Information on typical parametric values can be found in Chapter 4. 


Power Dissipation Capacitance (Per Flip-Flop) Typical @ 25°C, Vcc =5.0 V 


Used to determine the no-load dynamic power consumption: 
Pp=Cpp Vcc*FtIcc Vcc 35 pF 
For load considerations, see Chapter 4. 









TIMING REQUIREMENTS (input t, = ts =6 ns) 


Symbol Parameter oe 25°C to ‘ 4 
_ 55°C =85°C <125°C 
tsy Minimum Setup Time, J or K to Clock 2.0 100 125 150 
(Figure 3) 4.5 20 25 30 
6.0 17 21 26 
Minimum Hold Time, Clock to J or K 2.0 3 3 3 ns 
(Figure 3) 4.5 3 3 3 
6.0 3 3 3 
Minimum Recovery Time, Set or Reset Inactive to Clock 2.0 100 150 ns 
(Figure 2) 4.5 25 30 
6.0 21 26 





20 
17 
Minimum Pulse Width, Clock 2.0 80 120 
(Figure 1) 4.5 16 20 2 
6.0 14 17 2 
Minimum Pulse Width, Set or Reset 2.0 80 120 
(Figure 2) 4.5 16 20 2 
6.0 14 17 2 


4 
0 
4 
0 


Maximum Input Rise and Fall Times 2.0 1000 1000 
(Figure 1) 4.5 500 500 500 
6.0 400 400 400 


NOTE: Information on typical parametric values can be found in Chapter 4. 
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MC54/74HC112 


SWITCHING WAVEFORMS 


ma NGG Set or 





VCC 
Clock 
Reset ; 

GND fe —— GND 

OorQ 

Qord 
ret IVE 
Clock 50% 
, ~ GND 


Figure 2. 


Test Point 
() 





Output 
Jork 


Clock 





* Includes all probe and jig capacitance. 


Figure 3. | | 
Figure 4. Test Circuit 


EXPANDED LOGIC DIAGRAM 
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MOTOROLA 


a SEMICONDUCTOR 
TECHNICAL DATA 





| MC54/74HC113 


J SUFFIX 
CERAMIC 
CASE 632-08 


Dual J-K Flip-Flop with Set 
High-Performance Silicon-Gate CMOS 


The MC54/74HC113 is identical in pinout to the LS113. The device inputs are 
compatible with standard CMOS outputs; with pullup resistors, they are compatible 
with LSTTL outputs. 

Each flip-flop is negative-edge clocked and has an active-low asynchronous set 


input. 

@ Output Drive Capability: 10 LSTTL Loads N SUFFIX 
@ Outputs Directly Interface to CMOS, NMOS, and TTL PLASTIC 
-@ Operating Voltage Range: 2 to 6 V CASE 646-06 
@ Low Input Current: 1 pA 

@ High Noise Immunity Characteristic of CMOS Devices 

® |n Compliance with the Requirements Defined by JEDEC Standard No. 7A 

® Chip Complexity: 92 FETs or 23 Equivalent Gates 


ORDERING INFORMATION 


MC74HCXXXN Plastic 
MC54HCXXXJ Ceramic 


LOGIC DIAGRAM 


Ta = —55° to 125°C for all packages. 
J1 Dimensions in Chapter 6. 
Clock 1 


K1 





PIN ASSIGNMENT 
pen Clock 1 1@. 
J2 | 
Clock 2 
K2— 
Set 2 
Pin 14=Vcc 
Pin 7=GND 


FUNCTION TABLE 


| Inputs 
| 
x | HL 
No Change 
e H 
H Lb 
Toggle 
No Change 
No Change 
No Change 





xxx IIrreex 
xx xX DOD KA 


L 
H 
H 
H 
H 
H 
H 
H 
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MC54/74HC113 © 


MAXIMUM RATINGS* 


[symbot| __————Parameter———=SSSSdSSCSValue «Unit _— 
lin [OC Input Current, perPinSSC*dCSSCO ma 
Th 










This device contains protection 
circuitry to guard against damage 
due to high static voltages or electric 
fields. However, precautions must 
be taken to avoid applications of any 
voltage higher than maximum rated 
voltages. to this high-impedance 





circuit. For proper operation, Vjn and 
Vout Should be constrained to the 
range GND <(Vjn or Vout) = Vcc. 

Unused inputs must always be tied 
to an appropriate logic voltage level 
(e.g., either GND or Vcc). Unused 
outputs must be left open. 






Power Dissipation in Still Air, Plastic 750 mW 
or Ceramic DIPTt 


| 
Storage Temperature —65 to + 150 
C 


Lead Temperature, 1 mm from Case for 10 Seconds 2 
Plastic DIP 260 
Ceramic DIP 


* Maximum Ratings are those values beyond which damage to the device may occur. 
_ Functional operation should be restricted to the Recommended Operating Conditions. 
tDerating — Plastic DIP: — 10 mW/°C from 65° to 125°C 

Ceramic DIP: — 10 mW/°C from 100° to 125°C 


For high frequency or heavy load considerations, see Chapter 4. 








RECOMMENDED OPERATING CONDITIONS 


DC Supply Voltage (Referenced to GND) 2.0 
DC Input Voltage, Output Voltage (Referenced to GND) 


tr, tf 










Operating Temperature, All Package Types 






Input Rise and Fall Time 
(Figure 1) 







DC ELECTRICAL CHARACTERISTICS (Voltages Referenced to GND) 


. 
Parameter Test Conditions cc ° 
vi | 28°C to | _g50¢ | < 125°C 
—55°C , 
2.0 1.5 1.5 1.5 


VIH Minimum High-Level Input Vout =9.1 V or Voc -0.1 V : ; 
Voltage Hout| $20 uA 4.5 3.15 





Maximum Low-Level Input’ Vout = 0.1 V or Vcc -0.1 V 
Voltage llout| $20 pA 


Minimum High-Level Output Vin = ViIH or Vit 
Voltage © lout! $20 pA 4.5 4.4 4.4 4.4 


6.0 5.9 5.9 5.9 
Vin= Vin or Vit lout] 4.0 mA} 4.5 3.98 3.84 3.70 
llout| $5.2 mA} 6.0 5.48 5.34 5.20 

2.0 0.1 0.1 


Maximum Low-Level Output Vin = Vi or VIL 
Voltage lout] S20 pA 4.5 0.1 0.1 


Vin = VIH or VIL lout! =4.0 mA 
llout| <5.2 mA 


Pe i Maximum Input Leakage Current | Vin =Vcc or GND 


Icc Maximum Quiescent Supply Vin=Vcc or GND 
Current (per Package) lout =9 vA 


NOTE: Information on typical parametric values can be found in Chapter 4. 
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MC54/74HC113 


AC ELECTRICAL CHARACTERISTICS (C, =50 pF, Input t, =t¢=6 ns) 


<j Guaranteed Limit 
Symbol Parameter cc 25°C to 
Vi} pce | =85°C | =125°C 
fmax | Maximum Clock Frequency (50% Duty Cycle) 2.0 6.0 4.8 ‘ MHz 
(Figures 1 and 4) 4.5 30 24 20 
6.0 35 28 24 
31 
26 
205 


pS 
oO 





tpLH, | Maximum Propagation Delay, Clock to Q or Q 2.0 125 155 190 ns 
tPHL (Figures 1 and 4) 4.5 25 38 
6.0 21 32 


tpLH, | Maximum Propagation Delay, Set to Q or O 2.0 165 250 ns 
tPHL (Figures 2 and 4) 4.5 33 41 50 
6.0 28 4 
2 


35 3 
tTLH, | Maximum Output Transition Time, Any Output 2.0 75 95 110 
tTHL (Figures 1 and 4) 4.5 15 19 2 
6.0 13 16 19 

Maximum Input Capacitance Oe 


NOTES: 
1. For propagation delays with loads other than 50 pF, see Chapter 4. 
2. Information on typical parametric values can be found in Chapter 4. 


Power Dissipation Capacitance (Per Flip-Flop) Typical @ 25°C, Vcc =5.0 V 

Used to determine the no-load dynamic power consumption: 

Pp=Cpp Vcc*f+Iec Voc pF 
For load considerations, see Chapter 4. 


TIMING REQUIREMENTS (input t,=t¢=6 ns) 








Parameter 


Vcc 25°C to 
Minimum Setup Time, J or K to Clock 2.0 100 125 150 
(Figure 3) 4.5 2 25 30 
6.0 21 26 


Minimum Hold Time, Clock to J or K 2.0 
(Figure 3) 4.5 
6.0 
Minimum Recovery Time, Set Inactive to Clock 2.0 100 125 150 
(Figure 2) 4.5 25 
6.0 21 


Minimum Pulse Width, Set 2.0 100 120 
(Figure 2) 4.5 20 
6.0 17 
Maximum Input Rise and Fall Times 2.0 1000 1000 1000 
(Figure 1) 4.5 5 500 50 
6.0 4 400 4 


NOTE: Information on typical parametric values can be found in Chapter 4. 


0 
17 
3 3 
3 3 
3 3 
20 30 
17 26 | 
Minimum Pulse Width, Clock 2.0 80 100 120 ns 
(Figure 1) 4.5 16 20 24 
6.0 14 17 20 
80 
16 24 
14 20 
00 0 
00 00 
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MC54/74HC113 


SWITCHING WAVEFORMS 


mee VG Vcc 


GND , —— GND 





- Figure 1. 
ae VOC 





GND 


Figure 2. 


Test Point 








Vec Device ee 
sae: NCE c 
GND * Includes all probe and jig eee 
| Figure 3. Figure 4. Test Circuit 


EXPANDED LOGIC DIAGRAM 
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MOTOROLA 


= SEMICONDUCTOR 
TECHNICAL DATA 





NMIC54/74HC125A 
MC54/74HC126A 


Advance Information 


Quad 3-State pea 


Noninverting Buffers CERAMIC 
High-Performance Silicon-Gate CMOS 7 


The MC54/74HC125A and MC54/74HC126A are identical in pinout to the 
LS125 and LS126. The device inputs are compatible with standard CMOS 
outputs; with pullup resistors, they are compatible with LSTTL outputs. 

The HC125A and HC126A noninverting buffers are designed to be used 
with 3-state memory address drivers, clock drivers, and other bus-oriented 
systems. The devices have four separate output enables that are active- 
low (HC125A) or active-high (HC126A). 


@ Output Drive Capability: 15 LSTTL Loads 


D SUFFIX 
© Outputs Directly Interface to CMOS, NMOS, and TTL 14 &é SOIC 
; CASE 751A-02 


N SUFFIX 
PLASTIC 
CASE 646-06 





@ Operating Voltage Range: 2.0 to 6.0 V 
@ Low Input Current: 1.0 uA 
@ High Noise Immunity Characteristic of CMOS Devices ORDERING INFORMATION 
@ In Compliance with the Requirements Defined by JEDEC Standard MC74HCXXXAN Plastic 
No. 7A MC54HCXXXAJ Ceramic 
® Chip Complexity: 72 FETs or 18 Equivalent Gates MC74HCXXXAD SOIC 
@ Improvements over HC125 & HC126 Ta = —55° to 125°C for all packages. 
@ Improved Propagation Delays Dimensions in Chapter 6. 


@ 50% Lower Quiescent Power 


@ Improved Input Noise and Latchup Immunity PIN ASSIGNMENT 


LOGIC DIAGRAM 








HC125A HC126A 
Active-Low Output Enables Active-High Output Enables 
Al : : Yi Al : : Y1 
Or 3 
A2 : 2 Y2 A2 : : Y2 
OE2 : OE2 : 
Ces 8 yg Bea a3 
Ga at <a 
Ad 12 11 Y4 Ad 12 1 YA Gn icas 
igh impedance 
OE4 2 OE4 Z 
PIN 14 = Vcc 
PIN 7 = GND 


This document contains information on a new product. Specifications and information herein are subject to change without notice. 
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MC54/74HC125A @ MC54/74HC126A 


MAXIMUM RATINGS* 


[Symbol | ___—aramator——SSSS*iSSCt | 
v Tv 
V 



























This device contains protection 
circuitry to guard against damage 
due to high static voltages or elec- 
tric fields. However, precautions 
must be taken to avoid applica- 
tions of any voltage higher than 
maximum rated voltages to this 
high-impedance circuit. For 
proper operation, Vin and Vout 
should be constrained to the 
range GND S (Vjn or Vout) = Vcc. 

Unused inputs must always be 
tied to an appropriate logic volt- 
age level (e.g., either GND or 
Vcc). Unused outputs must be 
left open. 






v 
tin [DCinpur Curent pertin «2A 
TL 


Power Dissipation in Still Air, Plastic or Ceramic DIP 750 mW 
SOIC Package 500 


Tstg Storage Temperature -—65 to +150 


Lead Temperature, 1 mm from Case for 10 Seconds °C 
. 260 
300 


(Plastic DIP or SOIC Package) 
(Ceramic DIP) 
*Maximum Ratings are those values beyond which damage to the device may occur. 
Functional operation should be restricted to the Recommended Operating Conditions. 












RECOMMENDED OPERATING CONDITIONS 


[Symbol | Parameter 
DC Supply Voltage (Referenced to GND) 


| 20 | 
Vins Vout | DC Input Voltage, Output Voltage | Vec V 
(Referenced to GND) 











Operating Temperature, All Package Types 


Input Rise and Fall Time 
(Figure 1) 


Guaranteed Limit 


Minimum High-Level Input. Vout=Vcc 9.1 V : 1.5 1.5 1.5 
Voltage lloutl S20 wA ; 3.15 3.15 
4.2 4,2 


Maximum Low-Level Input Vout =0.1 V : 0. 0.5 0.5 
Voltage llout| S20 pA 1.35 1.35 
' 1.8 1.8 


Parameter Test Conditions 


Minimum High-Level Output Vin=VIH 
. 5. 


5.9 

llout|<6.0 mA 3.98 3.84 3.7 

llout|<7-8 MA 5.48 5.34 5.2 
1 


Maximum Low-Level Output Vin=VIL 
Voltage llout|<20 pA 


Vin=VIL llout/<6.0 mA 0.26 0.33 
llout|/<7-8 mA 0.26 0.33 


Maximum Three-State Leakage | Output in High-impedance State + 
Current Vin = VIL or ViH 
Vout=Vcc or GND 


0.1 0.1 


+ 
oO 
o1 
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MC54/74HC125A @ MC54/74HC126A 


AC ELECTRICAL CHARACTERISTICS (C, = 50 pf, Input ty = tr = 6.0 ns) 


Symbol Parameter 


tPLH- 


tPHL (Figures 1 and 3) 


tPLz. 


tPHZ (Figures 2 and 4) 


tPZL. 


tPZ7H (Figures 2 and 4) 


tTLH. 


tTHL (Figures 1 and 3) 


Cin Maximum Input Capacitance 


Cout 


Power Dissipation Capacitance (Per Buffer) 


Used to determine the no-load dynamic power consumption: 


Maximum Propagation Delay, Input A to Output Y 





Maximum Propagation Delay, Output Enable to Y 
Maximum Propagation Delay, Output Enable to Y 


Maximum Output Transition Time, Any Output 


Maximum Three-State Output Capacitance 
(Output in High-Impedance State) 


Guaranteed Limit 


Vcc 
V 25°C to ; ‘ 
gee | <85°C | <125°C 


2.0 90 115 135 
4.5 18 23 27 
6.0 15 20 23 
2.0 120 150 180 
4.5 24 30 36 
6.0 20 26 31 
2.0 90 115 135 
4.5 18 23 27 
6.0 15 20 23 
2.0 60 75 90 
4.5 12 15 18 
6.0 10 13 15 


xo} 


=] 
71/7 ” 


5 


oe ie ae : 
Typical @ 25°C, Vcc = 5.0 V 





Pp = Cpp Vcc2F + Icc Vcc 


a ae Es 


SWITCHING WAVEFORMS 


— Vcc 
INPUT A 


GND 


OUTPUT Y 





Figure 1 


TEST POINT 








OUTPUT 





DEVICE 
UNDER 
TEST 


*Includes ali probe and jig capacitance. 


Figure 3. Test Circuit 
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Vcc 
OE (HC125A) 
— GND 
Sey 
OE (HC126A) CC 
GND 
tPZL — tPLZ HIGH 
MPEDANCE 
OUTPUT Y x 50% | 
a 10% — Voy 
— Vou 
OUTPUT Y HIGH 
IMPEDANCE 
Figure 2 
TEST POINT 
CONNECT TO Vcc WHEN 
DEVICE OUTPUT TESTING tpy7 AND tpz,. 
UNDER CONNECT TO GND WHEN 
TEST Ci TESTING tpyz AND tpzy. 


*Includes all probe and jig capacitance. 


Figure 4. Test Circuit 
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MC54/74HC125A © MC54/74HC126A 


HC125A 
(1/4 of the Device) 
Vcc 


ine nae 


HC126A 
(1/4 of the Device) 


LT 
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MOTORO 


ml SEMICONDUCTOR 
TECHNICAL DATA 


MC54/74HC132A 


Advance Information 





Quad 2-Input NAND Gate = ceramic 


CASE 632-08 


with Schmitt-Trigger Inputs 
High-Performance Silicon-Gate CMOS 
N SUFFIX 


The MC54/74HC132A is identical in pinout to the LS132. The device PLASTIC 
inputs are compatible with standard CMOS outputs; with pullup resistors, CASE 646-06 
they are compatible with LSTTL outputs. 

The HC132A can be used to enhance noise immunity or to square up 
slowly changing waveforms. 


@ Output Drive Capability: 10 LSTTL Loads y SOIC 

@ Outputs Directly Interface to CMOS, NMOS, and TTL 14 EE CASE 751A-02 
@ Operating Voltage Range: 2.0 to 6.0 V oa 
@ Low Input Current: 1.0 uA 

@ High Noise Immunity Characteristic of CMOS Devices 

® In Compliance with the Requirements Defined by JEDEC Standard 


D SUFFIX 


1 


ORDERING INFORMATION 


No. 7A MC74HCXXAN Plastic 
@ Chip Complexity: 72 FETs or 18 Equivalent Gates MC54HCXXAJ Ceramic 
@ Improvements over HC132 MC74HCXXAD_ SOIC 
@ 50% Lower Quiescent Power Ta = —55° to 125°C for all packages. 
@ Improved Latchup Immunity Dimensions in Chapter 6. 





} LOGIC DIAGRAM 


PIN ASSIGNMENT 





PIN 14 = Vec 
PIN7 = GND 


This document contains information on a new product. Specifications and information herein are subject to change without notice. 
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MAXIMUM RATINGS* 


Vcc 
Vin 


Icc 


*Maximum Ratings are those values beyond which damage to the device may occur. 
Functional operation should be restricted to the Recommended Operating Conditions. 


RECOMMENDED OPERATING CONDITIONS 







V 


tr, tf 








Parameter 


DC Output Voltage (Referenced to GND) 


DC Input Current, per Pin 
DC Supply Current, Vcc and GND Pins 
coe ; W 


Power Dissipation in Still Air, Plastic or Ceramic DIP 750 } om 
SOIC Package 500 


65 to +150 


Storage Temperature 


Lead Temperature, 1 mm from Case for 10 Seconds 
(Plastic DIP or SOIC Package) 





DC Supply Voltage (Referenced to GND) 2.0 


Vin: Vout | DC Input Voltage, Output Voltage 
(Referenced to GND) 


Operating Temperature, All Package Types 


‘Input Rise and Fall Time (Figure 1) 


*When Vin ~ 0.5 Vcc. Icc > > quiescent current. 


. 
. . 
, 


MC54/74HC132A 


(Ceramic DIP) 


DC ELECTRICAL CHARACTERISTICS (Voltages Referenced to GND) 


Parameter 


Maximum Positive-Going 
Input Threshold Voltage 
(Figure 3) 


Minimum Positive-Going 
input Threshold Voltage 
(Figure 3) 


Maximum Negative-Going 

Input Threshold Voltage 
(Figure 3) 

Minimum Negative-Going 

Input Threshold Voltage 
(Figure 3) 


Maximum Hysteresis Voltage 
(Figure 3) 


Minimum Hysteresis Voltage 
(Figure 3) 


Test Conditions 


Vout = 0.1 V 
lloutl<20 “A 


Vout = 0.1 V 
Noutl<20 nA 


Vout = Vcc — 9.1 V 
lloutlS20 nA 


Vout =Vcc~9.1 V 
lloutl$20 uA 


Vout = 0.1 Vor Vcc - 0.1 V 
outl<20 A 


Vout=0.1 V or Vcc -0.1 V 
llout|<20 A 


NOTE 1. Vxmin>(V7 4 min) — (V7 _— max); Vymax = (V7 4max) + (V7 min). 
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-15toVec+15| Vo | 
-0.5 to Voc +0.5 





Vcc 
V 


MOTOROLA HIGH-SPEED CMOS LOGIC DATA 


DC Supply Voltage (Referenced to GND) -0.5 to +7.0 


DC Input Voltage (Referenced to GND) 


This device contains protection 
circuitry to guard against damage 
due to high static voltages or elec- 
tric fields. However, precautions 
must be taken to avoid applica- 
tions of any voltage higher than 
maximum rated voltages to this 
high-impedance circuit. For 
proper operation, Vin and Voyt 
should be constrained to the 
range GND S (Vin or Vout) < Vcc. 

Unused inputs must always be 
tied to an appropriate logic volt- 
age level (e.g., either GND or 
Vcc). Unused outputs must be 
left open. 





~40°C to| —55°C to! 
+85°C | +125°C 
15 


1.5 1.5 
3.15 3.15 3.15 
4.2 4.2 4.2 


1.0 0.95 
2.3 2.25 
3.0 2.95 





MC54/74HC132A 


DC ELECTRICAL CHARACTERISTICS (Voltages Referenced to GND) 


3 Guaranteed Limit 
Parameter Test Conditions cc 
V <85°C | <125°C 
2.0 1.9 : 





< 
a. 
x= 






Minimum High-Level Output VinSVT—min or V7 + max 1.9 1.9 V 
Voltage lloutl $20 vA 4.5 4.4 4.4 4.4 
6.0 5.9 5.9 5.9 
Vin SVT — min or V7 +4max 
llout/<4.0 mA 3.98 3.84 3.7 
llout/=5.2 mA 5.48 5.34 5.2 
VOL Maximum Low-Level Output Vin=VT + max 2.0 0.1 0.1 0.1 V 
Voltage Hoytl=20 uA 4.5 0.1 0,1 0.1 
6.0 0.1 


0.1 0.1 
Vin=VT + max lloutlS4.0 mA 0.26 0.33 0.4 
llout/=5.2 mA 0.26 0.33 0.4 

Maximum Input Leakage Current! Vin =Vcc or GND | 6.0 +0.1 


Icc Maximum Quiescent Supply Vin=Vcc or GND 
Current (per Package) lout =0 vA 


AC ELECTRICAL CHARACTERISTICS (CL = 50 pF, Input tr = te = 6.0 ns) 
Parameter 


tp_LH., | Maximum Propagation Delay, Input A or B to Output Y 
tPHL (Figures 1 and 2) ; 25 
21 


tTLH, | Maximum Output Transition Time, Any Output 
tTHL (Figures 1 and 2) 


75 
15 
13 
Cin Maximum Input Capacitance | 10 | 


Power Dissipation Capacitance (Per Gate) Typical @ 25°C, Vcc = 5.0 V 
Used to determine the no-load dynamic power consumption: pF 
Pp = Cp Voc + loc Vc a 








TEST POINT 








OUTPUT 





DEVICE 
UNDER 
TEST 





*Includes all probe and jig capacitance. 
Figure 1. Switching Waveforms Figure 2. Test Circuit 
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MC54/74HC132A 


Vt, TYPICAL INPUT THRESHOLD VOLTAGE (VOLTS) 
Ro 





Vcc, POWER SUPPLY VOLTAGE (VOLTS) 
Vutyp = (V7 + typ) — (VT —typ) 


Figure 3. Typical Input Threshold, V7 +, VT_—, 
versus Power Supply Voltage 


Vout 





(a) A SCHMITT TRIGGER SQUARES UP INPUTS (b) A SCHMITT TRIGGER OFFERS MAXIMUM NOISE 
WITH SLOW RISE AND FALL TIMES IMMUNITY 





Vout 7 Vout 


VoL _ — Vor 


Figure 4. Typical Schmitt-Trigger Applications 
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MOTOROLA 


ma SEMICONDUCTOR 
TECHNICAL DATA 





MiC54/74HC133 
13-Input NAND Gate 


High-Performance Silicon-Gate CMOS CERAMIC 


CASE 620-09 
The MC54/74HC133 is identical in pinout to the LS133. The device inputs are 


compatible with standard CMOS outputs; with pullup resistors, they are compatible 
This NAND gate features 13 inputs which surpasses most random logic PLASTIC 


requirements. CASE 648-06 
Output Drive Capability: 10 LSTTL Loads 

Outputs Directiy interface to CMOS, NMOS, and TTL 

Operating Voltage Range: 2 to 6 V 

Low Input Current: 1 pA 

High Noise Immunity Characteristic of CMOS Devices 

In Compliance with the Requirements Defined by JEDEC Standard No. 7A 
Chip Complexity: 68 FETs or 17 Equivalent Gates 


D SUFFIX 
SOIC 
CASE 751B-03 





ORDERING INFORMATION 


MC74HCXXXN Plastic 
MC54HCXXXJ Ceramic 
LOGIC DIAGRAM MC74HCXXXD SOIC 


Ta = ~—55° to 125°C for all packages. - 
Dimensions in Chapter 6. 





PIN ASSIGNMENT 


=z omneMmeosoesoewDsSs}S 






Y = AeBeCeDeEoFeGoHeleJeKeLeM 


J 
K 
L 
M 





PIN 16=Ver 
PIN 8=GND 





FUNCTION TABLE 


Inputs A through M 
All inputs H L 
All other combinations H 








MOTOROLA HIGH-SPEED CMOS LOGIC DATA 


5-109 


MC54/74HC133 


MAXIMUM RATINGS* — 


[[symbor[ Parameter ———=S=S~S~*~*idrCSC*~<~S 
[Vout [BC Output Vokage (Referenced to GND) | —0.6 t»Voc+05 | Vv 
[| rpc perp Laan 
ee a a, a 

DC Sp Cure, Veg ond GHD Fs [sek 


—iec_|pe 8s oer in Still Air, Plastic or Ceramic DIPT mW 
SOIC Packaget 


Storage Temperature —65 to + 150 ae 


Lead Temperature, 1 mm from Case for 10 Seconds 
(Plastic DIP or SOIC Package) 
(Ceramic DIP) 


*Maximum Ratings are those values beyond which damage to the device may occur. 
Functional operation should be restricted to the Recommended Operating Conditions. 
tDerating — Plastic DIP: — 10 mW/°C from 65° to 125°C 
Ceramic DIP: —10 mW/°C from 100° to 125°C 
SOIC Package: —7 mW/°C from 65° to 125°C 
For high frequency or heavy load considerations, see Chapter 4. 






This device contains protection 
circuitry to guard against damage 
due to high static voltages or electric 
fields. However, precautions must 
be taken to avoid applications of any 
voltage higher than maximum rated 
voltages to this high-impedance 








circuit. For proper operation, Vjn and 
Vout should be constrained to the 
range GND <(Vjn or Vout) = Vcc: 

Unused inputs must always be tied 
to an appropriate logic voltage level 
(e.g., either GND or Vcc). Unused 
outputs must be left open. 





RECOMMENDED OPERATING CONDITIONS 


[Voc [8 Stony Votage Referenced w GND) 2 
[a lOmin rareseare AiaageT vee 


Input Rise and Fall Time Vcc =2.0 V 
(Figure 1) 






























Test Conditions 


| Guaranteed Limit | Limit 
25°C to 











Minimum High-Level Input 
Voltage 


Vout = 0.1 V or Vcc —9.1 V 
[lout] $20 pA 














Maximum Low-Level Input 
Voltage 


Vout=0.1 V or Vec—0.1 V 






Minimum High-Level Output 
Voltage 


Vin = VIH oF ViL 
Houtl $20 pA 




















Vin= Vin oF VIL 











Maximum Low-Level Output 
Voltage 


Vin=VIH OF VIL 
Hout! $20 pA 


Vin= Vin or VIL llout| <4.0 mA 0.26 0.40 
lout] $5.2 aie 0.26 0.40 
be dle Maximum Input Leakage Current | Vin= Vcc or GND 


Icc Maximum Quiescent Supply Vin=Vcc or GND 
Current (per Package) lout=O vA 


NOTE: Information on typical parametric values can be found in Chapter 4. 















MOTOROLA HIGH-SPEED CMOS LOGIC DATA 
5-110 


MC54/74HC133 


AC ELECTRICAL CHARACTERISTICS (C, =50 pF, Input t,=t,=6 ns) 


| Guaranteed Limit = Limit 
Symbol Parameter 25°C to _ . 
tpLH, | Maximum Propagation Delay, Any Input to Output Y 175 = 
tPHL (Figures 1 and 2) ae 35 Fn 
6.0 30 37 


tTLH, | Maximum Output Transition Time, Any Output 2.0 75 95 Bh 
tTHL (Figures 1 and 2) 4.5 Hs 19 







6.0 16 i 


ons 
i. For propagation deiays with ioads other than 50 pF, see Chapter 4. 
2. Information on typical parametric values can be found in Chapter 4. 


Power Dissipation Capacitance (Per Package) Typical @ 25°C, Vcc =5.0 V 


Used to determine the no-load dynamic power consumption: 


Pp=Cpp Vec@f+ lcc Vcc 27 
For load considerations, see Chapter 4. 








TEST POINT 







‘| oUTPUT 





ANY INPUT 





DEVICE 
UNDER 
TEST cL* 
OUTPUT Y i 
'TLH * Includes all probe and jig capacitance. 


Figure 1. Switching Waveforms Figure 2. Test Circuit 


EXPANDED LOGIC DIAGRAM 


—_, 
O ® 
@ C) 
O00 OOQ 


vivivivl viv 
VIVIVIVIYIY 
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. 
VW 
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MOTOROLA 


m= SEMICONDUCTOR 
TECHNICAL DATA 





MC54/74HC137 


J SUFFIX 
CERAMIC 
CASE 620-09 


1-of-8 Decoder/Demultiplexer 
with Address Latch 


High-Performance Silicon-Gate CMOS i 
The MC54/74HC137 is identical in pinout to the LS137. The device inputs are 

compatible with standard CMOS outputs; with pullup resistors, they are compatible 

with LSTTL outputs. 
The HC137 decodes a three-bit Address to one-of-eight active-low outputs. The 16 

device has a transparent latch for storage of the Address. Two Chip Selects, one 1 

active-low and one active-high, are provided to facilitate the demultiplexing, cascad- 

ing, and chip-selecting functions. Ee 
The demultiplexing function is accomplished by using the Address inputs to select 1 

the desired device output, and then by using one of the Chip Selects as a data 

input while holding the other one active. 


The HC137 is the inverting version of the HC237. ORDERING INFORMATION 


N SUFFIX 
PLASTIC 
CASE 648-06 





D SUFFIX 
SOIC 
CASE 751B-03 


Output Drive Capability: 10 LSTTL Loads ; 
Outputs Directly Interface to CMOS, NMOS, and TTL MC74HCXXXN Plastic 


MC54HCXXXJ Ceramic 


Operating Voltage Range: 2 to 6 V MC74HCXXXD SOIC 


Low Input Current: 1 pA 

High Noise Immunity Characteristic of CMOS Devices 

In Compliance with the Requirements Defined by JEDEC Standard No. 7A 
Chip Complexity: 152 FETs or 38 Equivalent Gates 


Ta = —55° to 125°C for all packages. 
Dimensions in Chapter 6. 





PIN ASSIGNMENT 


LOGIC DIAGRAM 


















ia o— 8 yo 
Address 9 wens: | i, 
Inputs ae ® Y1 
ee p—3_y2 
Latch Enable ——* Decoder ft va sa 
Outputs FUNCTION TABLE 
o— 10 ¥5 a 
pe Oe | LE[CS1 CS2/A2 Ai AOlYO Y1 Y2 Y3 Y4 Y5 Y6 Y7 
x|xX HIX X XIHHHHHHHH 
h——/ 7 x}t xix xX XIH HH HHHHH 
LTH LIL LLIL HHHHHHH 
LIH LIL LHIH LH HHHHH 
6 L1H LIL HLIHHLHHHHH 
Chip- CS1 
Inputs € cs2 Pin 8=GND LTH LIHLtLIHHHHLHHH 
L1H LIHLHIH HHHHLHH 
LIH LIHHLIHHHHHHLH 
LIH LIHHHIH HHHHHHL 





* = Depends upon the Address previously applied 
while LE was at a low level. 





MOTOROLA HIGH-SPEED CMOS LOGIC DATA 
5-112 


MC54/74HC137 


MAXIMUM RATINGS* 


| Symbol| Parameter, =| Value | Unit_ | | This device contains protection 

due to high static voltages or electric 

[tin [DC input Current, perPinSSC~‘dSC‘“‘( OC 

Tour [BC Output Curent, erin —SsC=~“~*~*~*~sdCSC“‘CRSC*‘*d 
L 


fields. However, precautions must 
be taken to avoid applications of any 


a 
fee 
| mA | voltage higher than maximum rated 
mA 
| mA 


voltages to this high-impedance 
circuit. For proper operation, Vjp and 
Vout should be constrained to the 


V 
V 
mA 
mA 
mA 
range GND <(Vjn or Vout) = Vcc: 
Unused inputs must always be tied 
°C 


20 
| 
Power Dissipation in Still Air, Plastic or Ceramic DIPT 750 
SOIC Packaget 500 
Tet | to an appropriate logic voltage level 


Tstg =65 to +150 
st lek ial Saale (e.g., either GND or Vcc). Unused 


T Lead Temperature, 1 mm from Case for 10 Seconds outputs musi be ieft open. 
(Plastic DIP or SOIC Package) 


(Ceramic DIP) 


* Maximum Ratings are those values beyond which damage to the device may occur. 
Functional operation should be restricted to the Recommended Operating Conditions. 
tDerating — Plastic DIP: —10 mW/°C from 65° to 125°C 
Ceramic DIP: — 10 mW/°C from 100° to 125°C 
SOIC Package: —7 mW/°C from 65° to 125°C 
For high frequency or heavy load considerations, see Chapter 4. 





RECOMMENDED OPERATING CONDITIONS 


T Vcc [BC Supply Voltage (Referenced to GND) ——=~=“‘“;‘ | 8 | 
Ta [Operating Temperature, AllPackage Types ~*~ es | +125 | °c 


tr, te | Input Rise and Fall Time ; 
(Figure 2) ; 


DC ELECTRICAL CHARACTERISTICS (Voltages Referenced to GND) 


Symbol Parameter 


VIH Minimum High-Level Input Vout =9.1 V or Vcc —-0.1 V 















Vcc 
2.0 1.5 1.5 1.5 


4.5 3.15 3.15 3.15 







Test Conditions 




















Voltage lout] $20 pA 
6.0 4.2 4.2 4.2 
Maximum Low-Level Input Vout =90.1 V or Vcc —-0.1 V 2.0 0.3 0.3 0.3 
Voltage lout] $20 pA 4.5 0.9 0.9 0.9 
6.0 1.2 1.2 1.2 


















2.0 1.9 1.9 1.9 
4.5 4.4 4.4 4.4 


Vin= VIH or Vit 
our] $20 nA 


6.0 5.9 5.9 5.9 
Vin=VIH or VIL Hout] <4.0 mA 3.98 3.84 3.70 
lout] $5.2 mA 5.48 5.34 5.20 
Vin = ViH or VIL 2.0 0.1 
lout] $20 pA 4.5 0.1 
6.0 0.1 
Vin=ViH or VIL Hout! 4-0 mA 0.26 0.33 0.40 
Hout] $5.2 mA 0.26 0.33 0.40 


lcc Maximum Quiescent Supply Vin= Vcc or GND pA 
Current (per Package) lout =0 vA 


NOTE: Information on typical parametric values can be found in Chapter 4. 


Minimum High-Level Output 
Voltage 





















Maximum Low-Level Output 
Voltage 
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MC54/74HC137 


AC ELECTRICAL CHARACTERISTICS (C, =50 pF, Input t, =ts=6 ns) 
y | Guaranteed Limit | Limit 
Symbol Parameter o 
=85°C <= 125°C 

tpLH | Maximum Propagation Delay, Input A to Output Y vs 

(Figures 1 and 6) . 
tpLH | Maximum Propagation Delay, CS1 or CS2 to Output Y 

| (Figures 2, 3 and 6) 


tpLH | Maximum Propagation Delay, Latch Enable to Output Y 
(Figures 4 and 6) 


Maximum Output Transition Time, Any Output 
(Figures 2 and 6) 





NOTES: 
1. For propagation delays with loads other than 50 pF, see Chapter 4. 
2. Information on typical parametric values can be found in Chapter 4. 


Power Dissipation Capacitance (Per Package) 

Used to determine the no-load dynamic power consumption: 
Pp=Cpp Vcc*F+Icc Vcc 

For load considerations, see Chapter 4. 





TIMING REQUIREMENTS (input t, = tg=6 ns) 


Parameter ne . 

=85°C | <125°C 

Minimum Setup Time, Input A to Latch Enable ; 100 125 
(Figure 5) : 20 25 a 

; 17 21 26 

i 


Minimum Hold Time, Latch Enable to Input A 75 


(Figure 5) | : 15 
13 


Minimum Pulse Width, Latch Enable 
_ (Figure 4) 


Maximum Input Rise and Fall Times 
(Figure 2) 





NOTE: Information on typical parametric values can be found in Chapter 4. 
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MC54/74HC137 


PIN DESCRIPTIONS 


ADDRESS INPUTS 

AO, A1, A2 (PINS 1, 2, 3) — Address inputs. These inputs, 
when the chip is enabled, determine which of the eight outputs 
is selected. 


CONTROL INPUTS 


CS1, CS2 (PINS 6, 5) — Chip-Select inputs. For CS1 at a 
high level and CS2 at a low level, the chip is enabled and the 
outputs follow the address inputs (Latch Enable =L). For any 
other combination of CS1 and CS2, the outputs are at a high 
level. 


LATCH ENABLE (PIN 4) — Latch-Enable input. A high 
level at this input latches the Address. A low level at this input 
allows the outputs to follow the data at the Address pins 
(CS1=H and CS2=L). 


OUTPUTS 

Y0-Y7 — Active-low outputs. One of these eight outputs is 
selected when the chip is enabled (CS1=H and CS2=L) and 
the data on the AO, Ai, and A2 inputs correspond to that 
particular output. The selected output is at a low level while 
all others remain at a high ievei. 


SWITCHING WAVEFORMS 





Output Y 50% 


Figure 1. 


— Vcc 


GND 





Output Y 


VEC 
Input A 
GND 
V 
Latch oe 
Enable GND 


Figure 5. 


Output Y 








V 
Latch ee 
Enable — GND 
Output Y 50% 


Figure 4. 


Test Point 





* Includes all probe and jig capacitance. 


Figure 6. Test Circuit 
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MC54/74HC137 


EXPANDED LOGIC DIAGRAM 


a ae I aa 
og Br head —< a, 
OR HO HOS 
op DAD tho. 


Dy ems 


Pet blip. 
dw 


ae 
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MOTOROLA 
a SEMICONDUCTO xy 


TECHNICAL DATA 
MC54/74HC138A 


Advanced Information 


w ae J SUFFIX 
1-of-8 Decoder/Demultiplexer CERAMIC 
High-Performance Silicon-Gate CMOS 

The MC54/74HC138A is identical in pinout to the LS138. The device inputs wa = N SUFFIX 
are compatible with standard CMOS outputs; with pullup resistors, they are 33,6808 PLASTIC 


CASE 648-08 


compatible with LSTTL outputs. 
The HC138A decodes a three-bit Address to one-of-eight active-low out- 
puts. This device features three Chip Select inputs, two active-low and one 





active-high to facilitate the demultiplexing, cascading, and chip-selecting D SUFFIX 
functions. The demultiplexing function is accomplished by using the Address soic 
inputs to select the desired device output; one of the Chip Selects is used as CASE 751B-03 
a data input while the other Chip Selects are held in their active states. ORDERING INFORMATION 

@ Output Drive Capability: 10 LSTTL Loads 

@ Outputs Directly Interface to CMOS, NMOS and TTL MC74HCXXXAN Plastic 

® Operating Voltage Range: 2.0 to 6.0 V MC54HCXXXAJ Ceramic 
@ Low Input Current: 1.0 vA MC74HCXXXAD SOIC 

®@ High Noise Immunity Characteristic of CMOS Devices 

@ In Compliance with the Requirements Defined by JEDEC Standard No. 7A Ta = —55° to 125°C for all packages. 
@ Chip Complexity: 100 FETs or 29 Equivalent Gates Dimensions in Chapter 6. 

@ Improvements over HC138 


@ Improved Propagation Delays 
@ 50% Lower Quiescent Power 
@ Improved Input Noise and Latchup Immunity PIN ASSIGNMENT 


LOGIC DIAGRAM 






































AO Y0 
ADDRESS 
inputs } * " 
A2 Y2 
Y3 | ACTIVE-LOW 
OUTPUTS 
Y4 FUNCTION TABLE 
¥5 | inputs | outputs 
Y6 CS1 CS2 CS3/A2 A1 AOl YO Y1 Y2 Y3 Y4 Y5 Y6 Y7 
X xX HIX X X1H HHHHHHH 
i X HX |X X X) HOH HOH H HHH 
L xX xX X X1H HHHHHHH 
ao tf Bi oe Eee ae 
H L LIL LHIH LHHHHHH 
CS1 
CHIP- i ke a ae oe a 
SELECT ¢ CS2 H LL bLILHHIH HH LHHHH 
INPUTS Bi WL GE ae IE it ee TER a 
C33 BA ae a a es ce 
PIN 16 = Voc H t LIJHHLIHHHHHHELH 
PIN8 = GND H LbL LTH HHIHHHHHHHL 








H = high level (steady state) 
L = low level (steady state) 


This document contains information on a new product. ; 
X=don't care 


Specifications and information herein are subject to change without notice. 
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MC54/74HC138A 


MAXIMUM RATINGS* 


symbot[ SC Parameter ——SSSC*dSCSCSC wt 
vee [Be Supply Vatage (Referenced iw GND) —~—~S«dt~C OS to v7 | 
[Vin [BC Input Votage (Referenced io GND) —~+| 1S toveg+18 | Vv _| 
Vout | ¢ Output Votage (Referenced to GNO) | 0.5» Voc+0.5 [Vv 
=a 
Faas) 













This device contains protection 
circuitry to guard against damage 
due to high static voltages or electric 
fields. However, precautions must 
be taken to avoid applications of any 
voltage higher than maximum rated 


V 
V 
V 

; : voltages to this high-impedance 

DG Otte! Cilrent per Ein £26 circuit. For proper operation, Vj; and © 
= mA Vout Should be constrained to the 
range GND <(Vjn or Vout) = Vcc. 

Unused inputs must always be tied 

oC to an appropriate logic voltage level 

. a (e.g., either GND or Vcc). Unused 


outputs must be left open. 


DC Supply Current, Vcc and GND Pins 


| 
Power Dissipation in Still Air, Plastic or Ceramic DIP 7 mw 
SOIC Package © 50 


Storage Temperature . 65 to +150 E eer 


50. 
0 
Ty. | Lead Temperature, 1 mm from Case for 10 Seconds 
3 260 
300 , 


(Plastic DIP or SOIC Package) 
(Ceramic DIP) 
* Maximum Ratings are those values beyond which damage to the device may occur. 
Functional operation should be restricted to the Recommended Operating Conditions. 








RECOMMENDED OPERATING CONDITIONS 


symbol | Parameter =| «Min | Max | Unit _| 
DC Supply Voltage (Referenced to GND) | 20 | 60 | ve 
DC Input Voltage, Output Voltage (Referenced to GND) 


Operating Temperature, All Package Types 
tf 


Input Rise and Fall Time 


(Figure 2) 
DC ELECTRICAL CHARACTERISTICS (Voltages Referenced to GND) 


VIH 


Minimum High-Level Input 
Voltage 

















25°C to 
1.5 1.5 1.5 


3.15 3.15 3.15 






Test Conditions ace eS 
lout! 20 nA 











































4.2 4.2 4.2 
Maximum Low-Level Input Vout =0.1 V or Vcc -0.1 V 2.0 0.5 0.5 V 
Voltage Hout| =20 pA 4.5 1.35 1.35 
6.0 1.8 1.8 
Minimum High-Level Output Vin = ViH or VIL 2.0 1.9 1.9 1.9 V 
Voltage lout] $20 pA 4.5 4.4 4.4 4.4 
6.0 5.9 5.9 5.9 
Vin = VIH or VIL lout] 4-0 mA 3.98 3.84 | 3.70 
llout| =5.2 mA 5.48 | 5.34 5.20 
Maximum Low-Level Output Vin= ViH or VIL 0.1 V 





‘Voltage Hlout| $20 pA 





2.0 0.1 : 
4.5 0.1 0.1 
6.0 0.1 0.1 
Vin =VIH oF Vit lout] <4.0 mA 0.26 0.33 0.40 

| lout! <5-2 mA 0.26 0.33 0.40 


lec Maximum Quiescent Supply Vin= Vcc or GND pA 
Current (per Package) lout =9 vA 
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AC ELECTRICAL CHARACTERISTICS (C, = 50 pF, Input t, = tf = 6.0 ns) 


: 
Vcc 
V 
2.0 


Parameter 


25°C to ° ° 


Maximum Propagation Delay, Input A to Output Y 
(Figures 1 and 4) 


Maximum Propagation Delay, CS1 to Output Y 
(Figures 2 and 4) 


Maximum Propagation Delay, CS2 or CS3 to Output Y 
(Figures 3 and 4) 


Maximum Output Transition Time, Any Output 
(Figures 2 and 4) 


Gin | Mnimum input Capasience —S=SC=S~=~“*‘“~*~*é*sSCS*«dSCY | 


Typical @ 25°C, Vcc = 5.0 V 


Power Dissipation Capacitance (Per Package) 
Used to determine the no-load dynamic power consumption: 


Pp = Cpp Vcc2f + Icc Vcc 





SWITCHING WAVEFORMS 


Figure 2. 


Figure 1. 















INPUT A INPUT CS1 
tPLH —> 
OUTPUT Y 50% OUTPUT Y 
Figure 3. Figure 4. Test Circuit 
t TEST POINT 
INPUT 90%, Vec OUTPUT 
DEVICE 
CS2,CS3 10% 223. hp ine ee 
TEST L 

OUTPUT Y il 








*Includes all probe and jig capacitance. 
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PIN DESCRIPTIONS 


ADDRESS INPUTS 


AO, A1, A2 (PINS 1, 2, 3) — Address inputs. These 
inputs, when the chip is selected, determine which of the 
eight outputs is active-low. 


CONTROL INPUTS 


CS1, CS2, CS3 (PINS 6, 4, 5) — Chip select inputs. For 
CS1 at a high level and CS2, CS3 at a low level, the chip 
is selected and the outputs follow the Address inputs. 


For any other combination of CS1, CS2, and CS3, the 
outputs are at a logic high. 


OUTPUTS 


YO-Y7 (PINS 15, 14, 13, 12, 11, 10, 9, 7) — Active-low 
Decoded outputs. These outputs assume a low level 
when addressed and the chip is selected. These outputs 
remain high when not addressed or the chip is not 
selected. 


EXPANDED LOGIC DIAGRAM 
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MOTOROLA 
= SEMICONDUQR yyy eee 


TECHNICAL DATA 
MC54/74HC139A 


Advanced Information 


; ge ae J SUFFIX 
Dual 1-of-4 Decoder/ CERAMIC 
a ’ CASE 620-09 
Demultiplexer 
High-Performance Silicon-Gate CMOS pate N SUFFIX 
Sh ae PLASTIC 
The MC54/74HC139A is identical in pinout to the LS139. The device inputs | CASE 648-08 
are compatible with standard CMOS outputs; with pullup resistors, they are 
compatible with LSTTL outputs. 
This device consists of two independent 1-of-4 decoders, each of which D SUFFIX 
decodes a two-bit Address to one-of-four active-low outputs. Active-low SOIC 
Selects are provided to facilitate the demultiplexing and cascading functions. CASE 751B-03 


The demultiplexing function is accomplished by using the Address inputs to 
select the desired device output, and utilizing the Select as a data input. 


@ Output Drive Capability: 10 LSTTL Loads , 
Outputs Directly Interface to CMOS, NMOS and TTL sp elitenereasy | anes 
Operating Voltage Range: 2.0 to 6.0 V MC74HCXXXAD SOIC 
Low Input Current: 1.0 uA 

High Noise Immunity Characteristic of CMOS Devices 

In Compliance with the Requirements Defined by JEDEC Standard No. 7A 
Chip Complexity: 100 FETs or 25 Equivalent Gates 

Improvements over HC139 

@ Improved Propagation Delays | 
@ 50% Lower Quiescent Power PIN ASSIGNMENT 
® Improved Input Noise and Latchup Immunity 


ORDERING INFORMATION 


Ta = —55° to 125°C for all packages. 
Dimensions in Chapter 6. 





LOGIC DIAGRAM 
4 
ADDRESS J AO, Y0, 
a ae ees 5 vig { ACTIVE-LOW 
6 y>, {OUTPUTS 
a 
7 


Y3q 





FUNCTION TABLE 


SELECT, | —_sinputs | Outputs 
Selot | At 00 YO Y1 Y2 Y3 


Yib & ACTIVE-LOW L 
Y2, | OUTPUTS : 


YSp X=don’'t care 


—_ 


ADDRESS Ab 
INPUTS Alp 





SELECT 


PIN 16 = Vcc 
PIN8 = GND 


This document contains information on a new product. Specifications and information herein are subject to change without notice. 
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MAXIMUM RATINGS* 













Symbol 
| Vee | DC Supply Voltage (Referenced to GND) -—0.5 to +7.0 
in 


DC Input. Voltage (Referenced to GND) — 1.5 to Vcc +1.5 
DC Output Voltage (Referenced to GND) —0.5 to Vcc + 0.5 






| tin [DC input Current, per Pin | tO 
L__lout__[DC Output Current, perPin | tt 
pte Power Dissipation in Still Air, Plastic or Ceramic DIP 750 

500 
Th 


mW 
SOIC Package 


Storage Temperature |. -65to +150 


Lead Temperature, 1 mm from Case for 10 Seconds 


(Plastic DIP or SOIC Package) 
(Ceramic DIP) 
*Maximum Ratings are those values beyond which damage to the device may occur. 
Functional operation should be restricted to the Recommended Operating Conditions. 







RECOMMENDED OPERATING CONDITIONS 


DC Supply Voltage (Referenced to GND) 
C 
Operating Temperature, All Package Types 


Input Rise and Fall Time 
(Figure 1) 























Parameter Test Conditions 






Minimum High-Level Input 
Voltage 


Vout =0.1 V or Vcc —-0.1 V 
Hout! $20 pA 






Maximum Low-Level Input 
Voltage 


Vout =9.-1 V or Vcc —-0.1 V 
Houtl $20 nA 












Minimum High-Level Output 
Voltage 


Vin=ViH oF VIL 
loutl $20 vA 





Vin = Vin or Vit Hlout| $4.0 mA 


Houtl s 5.2 mA 










Maximum Low-Level Output 
Voltage 


Vin= Vin oF ViL 
Hout] $20 nA 





Vin=VIH OF VIL out! $4.0 mA 


Hout] $5.2 mA 


| lin _ | Maximum Input Leakage Current | Vin =Vcc or GND | 6.0 | 


Icc | Maximum Quiescent Supply Vin=Vec or GND 
Current (per Package) lout =9 vA 







£001 


al eM Roe Badl Call 



















This device contains protection 
circuitry to guard against damage 
due to high static voltages or electric 
fields. However, precautions must 
be taken to avoid applications of any 
voltage higher than maximum rated 
voltages to this high-impedance 
circuit. For proper operation, Vin and 
Vout should be constrained to the 
range GND <(Vin or Voyt) S Vcc. 
Unused inputs must always be tied 
to an appropriate logic voltage level 
(e.g., either GND or Vcc). Unused 
outputs must be left open. 





















£1.0 
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AC ELECTRICAL CHARACTERISTICS (C, = 50 pf, Input t; = tf = 6.0 ns) 


Vv 
tPLH, Maximum Propagation Delay, Select to Output Y 2.0 
tPHL (Figures 1 and 3) 4.5 
6.0 











115 
23 
20 

115 
23 
20 


















tPLH, Maximum Propagation Delay, Input A to Output Y 2.0 
tPHL (Figures 2 and 3) 4.5 
6.0 





tTLH, Maximum Output Transition Time, Any Output ns 


tTHL (Figures i and 3) J 15 


6.0 13 16 19 
Power Dissipation Capacitance (Per Decoder) Typical @ 25°C, Vcc = 5.0 V 





Used to determine the no-load dynamic power consumption: 





SWITCHING WAVEFORMS 













y Ve 
SELECT 50% INPUT A 
10% —— GND 
tPLH 
OUTPUT Y OUTPUT Y 50% 
tTHL 
Figure 1. Figure 2. 





TEST POINT 








OUTPUT 








DEVICE 
UNDER 
TEST 







*Includes all probe and jig capacitance. 


Figure 3. Test Circuit 
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PIN DESCRIPTIONS 


ADDRESS INPUTS 


Ag, Alga, A0p, A1p (PINS 2, 3, 14, 13) — Address inputs. 
These inputs, when the respective 1-of-4 decoder is ena- 
bled, determine which of its four active-low outputs is 
selected. 


CONTROL INPUTS 


Selecta, Selecth (PINS 1, 15) — Active-low select 
inputs. For a low level on this input, the outputs for that 


particular decoder follow the Address inputs. A high level 
on this input forces all outputs to a high level. 


OUTPUTS 


Y0a-Y3g, YOp-Y3p (PINS 4-7, 12, 11, 10, 9) — Active- 
low outputs. These outputs assume a low level when 
addressed and the appropriate Select input is active. 
These outputs remain high when not addressed or the 
appropriate Select input is inactive. 


EXPANDED LOGIC DIAGRAM 


(%2 of Device) 


SELECT 4 > 





: 
suteyll eek 
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NIC54/74HC147 


Advance Information 


Decimal-to-BCD Encoder 4 SUFFIX 
High-Performance Silicon-Gate CMOS CASE 620-09 


The MC54/74HC147 is identical in pinout to the LS147. The device inputs are 
es: N SUFFIX 
compatible with standard CMOS outputs; with pullup resistors, they are compatible PLASTIC 
with LSTTL outputs. | | | CASE 648-06 
[his device encodes nine active-low data inputs to four active-low BCD Address 
Outputs, ensuring that only the highest order active data line is encoded. The im- 
plied decimal zero condition is encoded when all nine data inputs are at a high level 





D SUFFIX 
(inactive). SOIC 

@® Output Drive Capability: 10 LSTTL Loads CASE 751B-03 
® Outputs Directly Interface to CMOS, NMOS, and TTL 

@ Operating Voltage Range: 2 to 6 V 

@ Low Input Current: 1 pA ORDERING INFORMATION 

@ High Noise Immunity Characteristic of CMOS Devices 

@ |n Compliance with the Requirements Defined by JEDEC Standard No. 7A MC74HCXXXN Plastic 

@ Chip Complexity: 136 FETs or 34 Equivalent Gates MC54HCXXXJ Ceramic 


MC74HCXXXD SOIC 


Ta = —55° to 125°C for all packages. 
Dimensions in Chapter 6. 





LOGIC DIAGRAM 


PIN ASSIGNMENT 


Decimal BCD 
Data Inputs Address 
(Active-Low) Outputs 
(Active-Low) 





NC=No Connection 

































Vcc=Pin 16 
GND= Pin 8 
No Connection = Pin 15 
FUNCTION TABLE 

| Outputs | 

H H H HH HHH HI|H H H H 

H HH HH HHH LIH H HL 

H H HHH HHL X{H H L H 

H HH HH HL X XH H L L- 

H HH HH LX X XtH LH H 

HHH HLXXXXIH L HEL 

HHHLXX XX XIH LL H 

HHLXXXXX XIH LE LY 

HL XXX XXX XIbLH H H 

LX xXXXXX XXL H HL 


This document contains information on a new product. Specifications and information herein are subject to change without notice. 


Te -_ 
MOTOROLA HIGH-SPEED CMOS LOGIC DATA | 


5-125 





MC54/74HC147 


MAXIMUM RATINGS* 


[Ssymbol[ __—=—=S—s~Pavameter |S Value ——«|Unit_—| 
|__Vcc | DC Supply Voltage (Referenced to GND) | -0.8to +7.0 | Vv 
[Vin [BG Input Voltage (Referenced to GND) | ~18toVec+18| Vv 
| Vout [DC Output Voltage (Referenced to GND) | ~ 0.5 to Vec+0.5 | Vv 
in [DC Input Current, perPin SSCS |_| 
| lout [DC Output Current, per Pin | 25m 
| icg [DC Supply Current, Vcc and GND Pins | 50 | mA 


Power Dissipation in Still Air, Plastic or Ceramic DIPT 750 mW 
SOIC Packaget 500 


Pe Tata! Storage Temperature —65 to +150 a 


TL Lead Temperature, 1 mm from Case for 10 Seconds 
260 
300 


(Plastic DIP or SOIC Package) 
(Ceramic DIP) 
* Maximum Ratings are those values beyond which damage to the device may occur. 
Functional operation should be restricted to the Recommended Operating Conditions. 
1etetng — Plastic DIP: — 10 mW/°C from 65° to 125°C 
Ceramic DIP: — 10 mW/°C from 100° to 125°C 
SOIC Package: —7 mW/°C from 65° to 125°C 
For high frequency or heavy load considerations, see Chapter 4. 







This device contains protection 
circuitry to guard against damage 
due to high static voltages or electric 
fields. However, precautions must 
be taken to avoid applications of any 
voltage higher than maximum rated 
voltages to this high-impedance 









circuit. For proper operation, Vjn and 
Vout should be constrained to the 
range GND s(Vjn or Vout) s Vcc: 
Unused inputs must always be tied 
to an appropriate logic voltage level 
_(e.g., either GND or Vcc). Unused 
outputs must be left open. . 

























RECOMMENDED OPERATING CONDITIONS 


[symbol] Parameter S«; Min «| Max | Unit 
[vce _[ BG Supply Vonage Referenced to GND) —=~C~=~‘“rtSC | 
[VinVout| DC Input Voltage, Output Voltage (Referenced t GND) | 0 | veo |v 
Ta [Operating Temperature, All Package Types +65 | +1268 | °C 


tr, tt | Input Rise and Fall Time 
(Figure 1) 











DC ELECTRICAL CHARACTERISTICS (Voltages Referenced to GND) 


Minimum High-Level Input 








Test Conditions 


| Guaranteed Limit Limit 
"ce 25°C to 
V 










Vout=0.1 V or Veg —-0.1 V 






















































Voltage lout] $20 vA ae ae ae 
6.0 
VIL Maximum Low-Level Input Vout =90.1 V or Vcc —-0.1 V 2.0 0.3 0.3 0.3 V 
Voltage llout| $20 vA 4.5 
6.0 
Vou | Minimum High-Level Output Vin = Vin or Vit 2.0 1.9 1.9 1.9 V 
Voltage Hout] $20 A 4.5 
6. 5.9 5.9 5.9 
Vin = Vin or VIL Hout| $4.0 mA 3.98 3.84 3.70 
lout} $5.2 mA 5.48 5.34 5.20 
VoLt | Maximum Low-Level Output Vin = ViH_ or VIL 2.0 0.1 0.1 0.1 V 





Voltage Hout]! 20 vA 






4.5 0.1 0.1 0.1 
6.0 0.1 0.1 0.1 
lout! <4.0 mA 0.26 0.40 
llout| <5.2 Peed 0.26 0.40 
ig. Maximum Input Leakage Current | Vi, =Vcc or GND | +07 | +10 | +10 | pA | 
Icc | Maximum Quiescent Supply Vin= Vcc or GND 
Current (per Package) lout =0 vA 


NOTE: Information on typical parametric values can be found in Chapter 4. 


Vin= ViH or VIL 
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AC ELECTRICAL CHARACTERISTICS (C; =50 pF, Input t, =ts=6 ns) 


| Guaranteed Limit Limit 
Symbol Parameter oe 25°C to 2 . 
= 


tpLH, | Maximum Propagation Delay, Input D to Output A 
tPHL (Figures 1 and 2) 





Maximum Output Transition Time, Any Output 
(Figures 1 and 2) 





NOTES: 
1. For propagation delays with loads other than 50 pF, see Chapter 4. 
2. Information on typical parametric values can be found in Chapter 4. 


Power Dissipation Capacitance (Per Package) 

Used to determine the no-load dynamic power consumption: 
Pp=Cpp Vcc2F+Icc Vec 

For load considerations, see Chapter 4. 






[Cin __ | Maximum input Capacitance i a 










2.0 75 95 ip *) 





Typical @ 25°C, Vcc =5.0 V 





INPUT D 


OUTPUT A 


tTHL 'TLH 





Figure 1. Switching Waveforms 







TEST POINT 
OUTPUT 





DEVICE 
UNDER 
TEST 






* Includes all probe and jig capacitance. 


Figure 2. Test Circuit 
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MOTOROLA 
TECHNICAL DATA 


8-Input Data 


Selector/Multiplexer 
High-Performance Silicon-Gate CMOS 


The MC54/74HC151 is identical in pinout to the LS151. The device inputs are 
compatible with standard CMOS outputs; with pullup resistors, they are compatible 
with LSTTL outputs. 

This device selects one of the eight binary Data Inputs, as determined by the Ad- 
dress Inputs. The Strobe pin must be at a low level for the selected data to appear 
at the outputs. If Strobe is high, the Y output is forced to a low level and the Y 
output is forced to a high level. 

The HC151 is similar in function to the HC251 which has 3-state outputs. 


Output Drive Capability: 10 LSTTL Loads 

Outputs Directly Interface to CMOS, NMOS, and TTL 

Operating Voltage Range: 2 to 6 V 

Low Input Current: 71 pA 

High Noise Immunity Characteristic of CMOS Devices 

In Compliance with the Requirements Defined by JEDEC Standard No. 7A 
Chip Complexity: 132 FETs or 33 Equivalent Gates 


LOGIC DIAGRAM 


Data D3 
Inputs Data 


Outputs 






Oe 
Y 


Address 
Inputs 


Pin 16=Vecc 
Pin 8=GND 





MC54/74HC151 


J SUFFIX 
CERAMIC 
CASE 620-09 


N SUFFIX 
PLASTIC 
CASE 648-06 


D SUFFIX 
SOIC 
CASE 751B-03 





ORDERING INFORMATION 


MC74HCXXXN Plastic 
MC54HCXXXJ Ceramic 
MC74HCXXXD SOIC 


Ta = —55° to 125°C for all packages. 
Dimensions in Chapter 6. 





PIN ASSIGNMENT 


Strobe 





° | sw | y 
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DO, D1. . .D7= the level of the respective D input 
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MAXIMUM RATINGS* 


| Symbol | Parameter, | Value | Unit __ 
| Vour_|DC Output Voltage (Referenced toGND) | - 0.5 toVec+0.5 | VV 
in [OC inpue Curent, perPin TS | mA 
| lout [DC Output Current, perPin | 25 | mA 
| icc [DC Supply Current, Vec and GND Pins | 80 | mA 


Power geiade in Still Air, Plastic or Ceramic DIPT see mW 
SOIC Packaget 


Lead Temperature, 1 mm from Case for 10 Seconds 
se 


(Plastic DIP or SOIC Package) 
. (Ceramic DIP) 
* Maximum Ratings are those valuse beyond which damage to the device may occur. 
Functional operation should be restricted to the Recommended Operating Conditions. 
tDerating — Plastic DIP: — 10 mW/°C from 65° to 125°C 
Ceramic DIP: — 10 mW/°C from 100° to 125°C 
SOIC Package: —7 mW/°C from 65° to 125°C 
For high frequency or heavy load considerations, see Chapter 4. 

















This device contains protection 
circuitry to guard against damage 
due to high static voltages or electric 
fields. However, precautions must 
be taken to avoid applications of any 
voltage higher than maximum rated 
voltages to this high-impedance 


circuit. For proper operation, Vj, and 
Vout should be constrained to the 
range GND (Vin or Vout) = Vcc: 

Unused inputs must always be tied 
to an appropriate logic voltage level 
(e.g., either GND or Vcc). Unused 
outputs must be left open. 










RECOMMENDED OPERATING CONDITIONS 


[Symbol| Parameter | Min ‘| Max | Unit _| 
[vc [BC Supply Voitage (Referenced to GND)_—~—~S~=édt(—Co || 
[nou [ OC pt Vag, Out votage ater GHD) [0 | Veg |v 
[Operating Ternperature,AllPackage Types + 85 | +125 | °c 


Input Rise and Fall Time 
(Figure 1) 














tr, = 















Parameter Test Conditions 


| Guaranteed Limit | Limit 
oe 25°C to 
re sie ’ r 


6.0 
2.0 










< 


Minimum High-Level Input 
Voltage 


Vout =9.1 V or V¢c—9.1 V 
lout] $20 pA 

























Maximum Low-Level Input 
Voltage 


Vout=0.1 V or Vec—0.1 V 
Hout| 20 nA 


Minimum High-Level Output 
Voltage 






Vin=VIH oF VIL 
llout| $20 nA 


















Vin = Vin or VIL lout| =4.0 mA 


lout! <5.2 mA 













Maximum Low-Level Output 
Voltage 


Vin = VIH oF VIL 
Hout] $20 nA 





Vin= VIH oF VIL \lout| $4.0 mA 


lout] <5-2 mA 


Maximum Input Leakage Current | Vin =Vcc or GND | 60 | +01 | +1.0 


Maximum Quiescent Supply Vin= Vcc or GND pA 
Current (per Package) lout =0 vA 


NOTE: Information on typical parametric values can be found in Chapter 4. 
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AC ELECTRICAL CHARACTERISTICS (C, =50 pF, Input t;=ts=6 ns) 


Parameter 


Symbol 


| Guaranteed Limit | Limit 


Vcc 7 


| 
a 
QO 


tpLH, | Maximum Propagation Delay, Input D to Output Y or Y 2.0 185 230 
tPHL (Figures 1, 3 and 6) 4.5 37 46 
6.0 31 39 








tpLH, | Maximum Propagation Delay, Input A to Output Y or Y 2.0 205 255 a 
tPHL (Figures 2 and 6) 4.5 41 51 
6.0 35 43 
tpLH, | Maximum Propagation Delay, Strobe to Output Y or Y 2.0 125 155 i ns 
tPHL (Figures 4, 5 and 6) 4.5 25 31 
6.0 zi 26 
tTLH, | Maximum Output Transition Time, Any Output 2.0 75 os 
tTHL (Figures 1 and 6) 4.5 15 
6.0 13 
| Cin __| Maximum Input Capacitance a 


NOTES: 
1. For propagation delays with loads other than 50 pF, see Chapter 4. 
2. Information on typical parametric values can be found in Chapter 4. 


Power Dissipation Capacitance (Per Package) Typical @ 25°C, Voc =5.0 V 


Used to determine the no-load dynamic power consumption: 


Pp=Cpp Vcec4f+icc Vcc 





For load considerations, see Chapter 4. 


PIN DESCRIPTIONS 


INPUTS 

DO, D1, ..., D7 (PINS 4, 3, 2, 1, 15, 14, 13, 12) — Data 
inputs. Data on any one of these eight binary inputs may be 
selected to appear on the output. 


CONTROL INPUTS 


AO, Ai, A2 (PINS 11, 10, 9) — Address inputs. The data 
on these pins are the binary address of the selected input (see 


STROBE (PIN 7) — Strobe. This input pin must be at a low 
level for the selected data to appear at the outputs. If the 
Strobe pin is high, the Y output is forced to a low level and 
the Y output is forced to a high level. 


OUTPUTS 


Y, Y (PINS 5, 6) — Data outputs. The selected data is 
presented at these pins in both true (Y output) and comple- 


the Function Table). mented (Y output) forms. 
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SWITCHING WAVEFORMS 



















Input D 
Output 
Output Y Yory 50% 
Figure 1. Figure 2. 
Input D Strobe 
Output Y bg 
Figure 4. 
Test Point 
90% y 
Strobe r Output 
Device 
Under 
Test ole 
Y ‘ 
* Includes all probe and jig capacitance. 
Figure 5. Figure 6. Test Circuit 
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EXPANDED LOGIC DIAGRAM 
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MOTOROLA 


a SEMICONDUCTOR 
TECHNICAL DATA 


Dual 4-Input Data 


Selector/Multiplexer 
High-Performance Silicon-Gate CMOS 


The MC54/74HC153 is identical in pinout to the LS153. The device inputs are 
compatible with standard CMOS outputs; with pullup resistors, they are compatible 
with LSTTL outputs. . 

The Address Inputs select one of four Data Inputs from each multiplexer. Each 
multiplexer has an active-low Strobe contro! and a noninverting output. 

The HC153 is similar in function to the HC253, which has 3-state outputs. 


Output Drive Capability: 10 LSTTL Loads 

Outputs Directly Interface to CMOS, NMOS, and TTL 

Operating Voltage Range: 2 to 6 V 

Low Input Current: 1 pA 

High Noise Immunity Characteristic of CMOS Devices 

In Compliance with the Requirements Defined by JEDEC Standard No. 7A 
Chip Complexity: 108 FETs or 27 Equivalent Gates 






LOGIC DIAGRAM 
Inputs Al | 
: po, © Live 
Data- Dla 5 
Word a 4 
Inputs | 02, 
pa, 2 
() 
Strobe a 
J 
DOD y g Yb 
Data | D1, u 
Word b 12 
Inputs JO2p 
aa 8 
) 
Strobe b 2 
Pin 16=Vcc 
Pin 8= GND 








J SUFFIX 
CERAMIC 
CASE 620-09 


N.SUFFIX 
PLASTIC 
CASE 648-06 


D SUFFIX 
SOIC 
CASE 751B-03 


ORDERING INFORMATION 
MC74HCXXXN Plastic 


MC54HCXXXJ Ceramic 
MC74HCXXXD SOIC 


TA = —55° to 125°C for all packages. 
Dimensions in Chapter 6. 





PIN ASSIGNMENT 
Strobe a Vcc 
Al Strobe b 
D3, AO 
D3p 
D2b 


DO, D1, D2, and D3= the level of 
the respec- 
tive Data 
Input 
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MAXIMUM RATINGS* 


| Symbol} Parameter =| Value | Unit 
| tin [DC Input Current, perPin | 20 | mA 
| lout [DC Output Current, per Pin | | mA 
cy Power Dissipation in Still Air, Plastic or Ceramic DIPt 
500 
°C 




















mW 
SOIC Packaget 


Storage Temperature -— 65 to + 150 ie ee 


Lead Temperature, 1 mm from Case for 10 Seconds 2¢ 


(Plastic DIP or SOIC Package) 
(Ceramic DIP) 
*Maximum Ratings are those values beyond which damage to the device may occur. 
Functional operation should be restricted to the Recommended Operating Conditions. 
tDerating — Plastic DIP: — 10 mW/°C from 65° to 125°C 
Ceramic DIP: — 10 mW/°C from 100° to 125°C 
SOIC Package: ~7 mW/°C from 65° to 125°C 
For high frequency or heavy load considerations, see Chapter 4. 










260 





RECOMMENDED OPERATING CONDITIONS 


[symbot| Parameter din’ | ‘Max | Unit 
Tvcc _[B¢ Supply Vonage (Referenced to GND) —~C~=~“‘dtSC | 8 | 
VinVout | DC Input Voltage, Output Votage (Referenced to GND) [0 | Veo | Vv 
Ta_| Operating Temperature, AllPackage Types ‘| | +15 0 


tr, te | Input Rise and Fall Time 
(Figure 1) 












Parameter 


Minimum High-Level Input 
Voltage 


Maximum Low-Level Input 
Voltage 


Minimum High-Level Output 
Voltage 


Maximum Low-Level Output 
Voltage 


Test Conditions 


Vout =0.1 V or Voc -0.1 V 
Hout| $20 pA 


Vout =9.1 V or Vcc —0.1 V 
lout! $20 nA 


Vin = Vin oF VIL 
Hlout| 20 nA 


lIout! =4.0 mA 
lout! $5.2 mA 


Vin=VIH or VIL 


Vin=VIH or ViL 
loutl $20 A 


Vin =ViIH oF VIL 


lout! <5.2 mA 


i Maximum Input Leakage Current | Vin =Vcc or GND 


Icc Maximum Quiescent Supply 
Current (per Package) 


Vin= Vcc or GND 
lout =0 pA 





NOTE: Information on typical parametric values can be found in Chapter 4. 








This device contains protection 
circuitry to guard against damage 
due to high static voltages or electric 
fields. However, precautions must 
be taken to avoid applications of any 
voltage higher than maximum rated 
voltages to this high-impedance 
circuit. For proper operation, Vj, and 
Vout should be constrained to the 
range GND S(Vjn or Vout) SVecc- 
Unused inputs must always be tied 
to an appropriate logic voltage level 
(e.g., either GND or Vcc). Unused 
outputs must be left open. 
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_ AC ELECTRICAL CHARACTERISTICS (C; =50 pF, Input t,=t¢=6 ns) 


J | Guaranteed Limit Limit 
Parameter ri ° 
ae 


Maximum Propagation Delay, Input D to Output Y 
(Figures 1 and 4) | 


Maximum Propagation Delay, Input A to Output Y 
(Figures 2 and 4) 


Maximum Propagation Delay, Strobe to Output Y 
(Figures 3 and 4) 


Maximum Output Transition Time, Any Output 
(Figures 1 and 4) 


A en a i ET NPN 


NOTES: 
1. For propagation delays with loads other than 50 pF, see Chapter 4. 
2. Information on typical parametric values can be found in Chapter 4. 


Power Dissipation Capacitance (Per Multiplexer) Typical @ 25°C, Vcc =5.0 V 


Used to determine the no-load dynamic power consumption: 


Pp=Cpp Vec*F+Icc Vcc 
For load considerations, see Chapter 4. 








SWITCHING WAVEFORMS 


INPUT D INPUT A 





tPLH—> 


OUTPUT Y OUTPUT Y 50% 





Figure 2 












TEST POINT 


Vec 
DEVICE 

UNDER 
TEST 


—— GND 





OUTPUT Y 


* Includes all probe and jig capacitance. 


Figure 3 | Figure 4, Test Circuit 
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PIN DESCRIPTIONS 


DATA INPUTS STROBE (PINS 1, 15) — Active-low Strobe. A low level 

D0,g-D3g, D0p-D3p (PINS 3, 4,5, 6, 10, 11, 12, 13) — Data applied to these pins enables the corresponding outputs. 
Inputs. With the outputs enabled, the addressed Data Inputs 
appear at the Y outputs. OUTPUTS 

Ya, Yb (PINS 7, 9) — Noninverting data outputs. 

CONTROL INPUTS | 

AO, A1 (PINS 2, 14) — Address Inputs. These inputs 
address the pair of Data Inputs which appear at the 
corresponding outputs. 


EXPANDED LOGIC DIAGRAM 









6 
D0, 
5 
la 
Data-Word a 
Inputs 4 
D2, 
D3 s 
a 
ane a Noninverting 
10 i Data 
DOp Cet DSO A CEA 5 Outputs 
11 
Dip 
Data-Word b 
Inputs 19 
D2p 
13 Strobe 19 > 
D3p b 
2 
Al 
Address 


Inputs 14 
AO 





MOTOROLA HIGH-SPEED CMOS LOGIC DATA 
5-137 


MOTOROLA 


a SEMICONDUCTOR ——— ee 


TECHNICAL DATA 


1-of-16 Decoder/Demultiplexer 
High-Performance Silicon-Gate CMOS 


The MC54/74HC154 is identical in pinout to the LS154. The device inputs are 
compatible with standard CMOS outputs; with pullup resistors, they are compatible 
with LSTTL outputs. 

This device, when enabled, selects one of 16 active-low outputs. Two active-low 
Chip Selects are provided to facilitate the chip-select, demultiplexing, and cascading 
functions. When either Chip Select is high, all outputs are high. The demultiplexing 
function is accomplished by using the Address inputs to select the desired device 
output. Then, while holding one chip select input low, data can be applied to the 
other chip select input (see Application Note). 

The HC154 is primarily used for memory address decoding and data routing 
applications. 


Output Drive Capability: 10 LSTTL Loads 

Outputs Directly Interface to CMOS, NMOS, and TTL 

Operating Voltage Range: 2 to 6 V 

Low Input Current: 1 pA 

High Noise Immunity Characteristic of CMOS Devices 

In Compliance with the Requirements Defined by JEDEC Standard No. 7A 
Chip Complexity: 192 FETs or 48 Equivalent Gates 


LOGIC DIAGRAM 






BINARY 
ADDRESS 
INPUTS 


v7 | ACTIVELOW 
yg | OUTPUTS 


CHIP 
SELECT va 


INPUTS ] &S2 PIN 24= Vcc 


PIN 12=GND 








J SUFFIX 
CERAMIC 
CASE 758-01 


N SUFFIX 
PLASTIC 
CASE 724-03 


ORDERING INFORMATION 


MC74HCXXXN Plastic 
MC54HCXXXJ Ceramic 


Ta = —55° to 125°C for all packages. 
Dimensions in Chapter 6. 


PIN ASSIGNMENT 


AE San a cence rn ae eda RC near ee ae 
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MAXIMUM RATINGS* 


| Symbol | Parameter | Value | Unit_| 
Vin [BC input Votage (Referenced to GND)_‘{ ~16eVco+18 {| V_| 
| Vout [DC Output Voltage (Referenced to GND) | -0.5 to Vec+0.5 | Vv | 

#20 | mA 
(ites come crnenen te ee 
| icc _|DC Supply Current, Voc and GND Pins | 80 | mA 


fe Power Dissipation in Still Air, Plastic or Ceramic DIPt | 750s | mw CO 
Storage Temperature —65 to +150 a 


Lead Temperature, 1 mm from Case for 10 Seconds 
(Plastic DIP) 
(Ceramic DIP) 











* Maximum Ratings are those values beyond which damage to the device may occur. 
Functional operation should be restricted to the Recommended Operating Conditions. 
tDerating — Plastic DIP: —10 mW/°C from 65° to 125°C 
Ceramic DIP: —10 mW/°C from 100° to 125°C 
For high frequency or heavy load considerations, see Chapter 4. 


RECOMMENDED OPERATING CONDITIONS 


[symbol] Parameter ——SSSS*dYSCMin «| sMax | Unit 
[Voc [6 cpp Votage Refereed tw @no_————[ 20 [eo |v 
[Vin.Vout [DC input Voltage, Output Votage (Referenced to GND) | 0 | Veo | Vv 
[Ta [Operating Temperature, AilPackage Types «| _—e6 | +125 | °C 


tr, t¢ | Input Rise and Fall Time 
(Figure 2) 








DC ELECTRICAL CHARACTERISTICS (Voltages Referenced to GND) 


Minimum High-Level Input 
Voltage 


Test Conditions 


Vout=0.1 V or Vee -0.1 V 
lout] $20 nA 


Maximum Low-Level Input 
Voltage 


Vout =09.1 Vor Vcc —0.1 V 
Hout] =20 pA 


Minimum High-Level Output 
Voltage 


Vin= VIH OF VIL 
lout] S20 pA 


llout| <=4.0 mA 
lout! <5.2 mA 


Vin= ViH oF VIL 


Maximum Low-Level Output 
Voltage 


Vin= VIH oF VIL 
lout] $20 nA 


Vin = VI or VIL llout| $4.0 mA 


k liae cll Maximum Input Leakage Current | Vin =Vcc or GND | 6.0 | 


lec Maximum Quiescent Supply Vin= Vcc or GND 
Current (per Package) lout =0 vA 


NOTE: Information on typical parametric values can be found in Chapter 4. 





This device contains protection 
circuitry to guard against damage 
due to high static voltages or electric 
fields. However, precautions must 
be taken to avoid applications of any 
voltage higher than maximum rated 
voltages to this high-impedance 
circuit. For proper operation, Vip, and 
Vout should be constrained to the 
range GND S(Vjn or Vout) S$ Vec. 

Unused inputs must always be tied 
to an appropriate logic voltage level 


(6.g., either GND or Veg). Unused 
| outputs must be left open. | 


| Guaranteed Limit | Limit 


° 


ate 
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MC54/74HC 154 


AC ELECTRICAL CHARACTERISTICS (C, =50 pF, Input t,=t,=6 ns) 









| Vcc 
Symbol Parameter 25°C to 
tpLH, | Maximum Propagation Delay, Input A to Output Y 2.0 190 240 285 
tPHL (Figures 1 and 3) . 4.5 38 48 57 
6.0 32 41 48 





tpLH, | Maximum Propagation Delay, CS to Output Y 175 220 
(Figures 2 and 3) . : 44 


tPHL 
Maximum Output Transition Time, Any Output 
(Figures 2 and 3) 


tTLH. 
tTHL 





Cin 


Maximum Input. Capacitance es 
NOTES: ~ 


1. For propagation delays with loads other than 50 pF, see Chapter 4. 
2. Information on typical parametric values can be found in Chapter 4. 


Power Dissipation Capacitance (Per Package) Typical @ 25°C, Vcc =5.0 V 


Used to determine the no-load dynamic power consumption: 





35 
30 
75 
15 
13 


Pp=Cpp Vcc4f+Icc Vcc 
For load considerations, see Chapter 4. 





PIN DESCRIPTIONS 


INPUTS select inputs are active. These outputs remain high when not 
AO, A1, A2, A3 (PINS 23, 22, 21, 20) — Address inputs. addressed or a chip-select input is high. 
These inputs, when the 1-of-16 decoder is enabled, determine 


which of its sixteen active-low outputs is selected. CONTROL INPUTS 
CS1, CS2 (PINS 18, 19) — Active-low chip-select inputs. 
OUTPUTS With low levels on both of these inputs, the outputs of the 
Y0-Y15 (PINS 1-11, 13-17) — Active-low outputs. These decoder follow the Address inputs. A high level on either input 
outputs assume a low level when addressed and both chip- forces all outputs high. 


FUNCTION TABLE . 


INPUTS OUTPUTS 















|CS1cs2|A3 A2 Al AQ|YO Y1 Y2 Y3 Y4 Y5 Y6 Y7 Y8 Y9 Y10 Y11 Y12 Y13 Y14 Y15| 
L Lt ot. LitH H H H H H H H H H H H H 4H H 
L LIL oL H!iH LH H H H H H H H H H H H H H 
L Lit ou L|H H LH H H H H HH H H H H 4H 4H 
L Lt ub HiH H H LH H H H H H H H H H H H 
L btLit H L|H H H H L H H H H H H H H H H 4H 
L bLidit oH H|H H H H H L H H H H H H H H H H 
L bLf{t H L|H H H H H H LH H H H H H H H H 
L bLit H H'!H H H H H H H L H H H H H H HH 
L LIH-L L|1H H H H H H H H L H H H H H H H 
L LIH L H!H H H H H H H H H LH H H H H H 
L LIH L L{H H H H H H H H H H L H H H H H 
L LIH oL H}jH H H H H H H H H H H L H H H 4H 
L bLidiH 4H L|H H H H H H H H H H H H L H H 4H 
L t{tH H H|!H H H H H H H H H H H H H L H H 
L bLdIH 4H L iH H H H H H H H H H H H H H L H 
L btLdJIH 4H H|H H H H H H H H H H H H H H HL 
L HIX xX X1H H H H H H H H H H H H H H H H 
H LIX xX X|H H H H H H H H H H H H H H H H 
H H{X xX X 1H H H H H H H H H H H H H H H H 





H = High Level, L= Low Level, X= Don’t Care 
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SWITCHING WAVEFORMS 





Vec 
INPUT A CS1 OR CS2 
GND 
teLH > tPHL 
OUTPUT Y 50% OUTPUT Y 


Figure 1. 





TEST POINT 







DEVICE 
UNDER 
TEST 






*Includes all probe and jig capacitance. 


Figure 3. Test Circuit 


TYPICAL APPLICATIONS 


STROBE 





1 OF 16 DECODER 1 OF 16 DEMULTIPLEXER 
SELECTED OUTPUT IS LOW SELECTED OUTPUT’S LOGIC LEVEL 
= . = FOLLOWS LOGIC LEVEL ON DATA INPUT 
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MC54/74HC157A 


Advance Information 
Quad 2-Input Data 


Selectors/Multiplexers 
High-Performance Silicon-Gate CMOS 


The MC54/74HC157A is identical in pinout to the LS157. The device 
inputs are compatible with standard CMOS outputs; with pullup resistors, 
they are compatible with LSTTL outputs. 

This device routes 2 nibbles (A or B) to a single port (Y) as determined 
by the Select input. The data is presented at the outputs in noninverted 
form. A high level on the Output Enable input sets all four Y outputs to a 
low level. 

The HC157A is similar in function to the HC257 which has 3-state 
outputs. 


@ Output Drive Capability: 10 LSTTL Loads 

® Outputs Directly Interface to CMOS, NMOS, and TTL 

@ Operating Voltage Range: 2.0 to 6.0 V 

@ Low Input Current: 1.0 vA 

® High Noise Immunity Characteristic of CMOS Devices 

e@ In Compliance with the Requirements Defined by JEDEC Standard 
No. 7A 

@ Chip Complexity: 82 FETs or 20.5 Equivalent Gates 


e Improvements over HC157 
@ Improved Propagation Delays 
@ 50% Lower Quiescent Power 
@ Improved Input Noise and Latchup Immunity 


LOGIC DIAGRAM 


Ad 
NIBBLE § A’ 
AINPUTS } a9 
A3 
YO 
BO Yi @ DATA 
UTPUTS 
NipBLE 9 8! a Niclas 
BINPUTS § B2 Y3 


B3 





SELECT 

OUTPUT 

ENABLE 
PIN 16 = Vcc 
PIN8 = GND 


This document contains information on a new product. Specifications and information herein are subject to change without notice. 














J SUFFIX 
CERAMIC 
CASE 620-09 


N SUFFIX 
PLASTIC 
CASE 648-08 


16 
1 


D SUFFIX 
cd SOIC 


CASE 751B-03 


16 


ORDERING INFORMATION 


MC74HCXXXAN Plastic 
MCS54HCXXXAJ Ceramic 
MC74HCXXXAD SOIC 


Ta = —55° to 125°C for all packages. 
Dimensions in Chapter 6. 


PIN ASSIGNMENT 


SELECT 41 © Vcc 
OUTPUT ENABLE 
A3 
B3 
Y3 
A2 
B2 
Y2 





Output Outputs 
Enable YO-Y3 


X L 


L A0-A3 
H BO-B3 


X = don’t care 

A0-A3, BO-—B3 = the levels of 
the respective Data-Word 
inputs. 
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MAXIMUM RATINGS* 



















This device contains protection 
circuitry to guard against damage 
due to high static voltages or elec- 
tric fields. However, precautions 
must be taken to avoid applica- 
tions of any voltage higher than 
maximum rated voltages to this 
high-impedance circuit. For 
proper operation, Vin and Vout 
should be constrained to the 
range GND < (Vin or Voyt) < Vcc: 

Unused inputs must always be 
tied to an appropriate logic volt- 
age level (e.g., either GND or 
Vcc). Unused outputs must be 
left open. 


[vane [une] 
[Vin [OC input Votage (Reterencedto GND) __—|-t8toveov185| V 
[Wow | BC Output Vokege (Referenced to GND) | -05toVec08] Vv 

ce 


| Symbol | Parameter 









Vv 
V 
DC Input Current, per Pin mA 
DC Output Current, per Pin 
mW 
= 
°C 








DC Supply Current, Vcc and GND Pins 


Power Dissipation in Still Air, Plastic or Ceramic DIP 750 
SOIC Package 500 


Storage Temperature —65 to +150 
(Plastic DIP or SOIC Package) 


TL. 
260 
(Ceramic DIP) 300 


*Maximum Ratings are those values beyond which damage to the device may occur. 
Functional operation should be restricted to the Recommended Operating Conditions. 


RECOMMENDED OPERATING CONDITIONS 


[symbot[ Parameter 

DC Input Voltage, Output Voltage 
(Referenced to GND) 

Operating Temperature, All Package Types 

tr, tf 


















Lead Temperature, 1 mm from Case for 10 Seconds 














Input Rise and Fall Time 
(Figure 1) 







< 
oO 
O 


- Parameter Test Conditions 


Minimum High-Level Input Vout =9.1 V or Vcc -0.1 V 
Voltage llout|S20 vA 


Maximum Low-Level Input Vout =9.1 V or Vcc —0.1 V 
Voltage llout|<20 pA . 
6.0 

Minimum High-Level Output Vin=ViH OF VIL / 2.0 1.9 


Voltage lout} =20 pA 4.5 4.4 
5.9 


6.0 5.9 5.9 

Vin=VIH Or VIL Hout|<4.0 mA 3.98 3.84 3.7 
Hout|/<5.2 mA 5.48 | 5.34 5.2 

2.0 0.1 0.1 


Maximum Low-Level Output Vin= VIH Or VIL 0.1 
Voltage Hout|<20 uA i 0.1 


Vin= Vin or VIL llout}=4.0 mA 


Maximum Input Leakage Current} Vin =Vcc or GND 


Icc Maximum Quiescent Supply Vin=Vcc or GND 
Current (per Package) lout=0 vA 
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AC ELECTRICAL CHARACTERISTICS (C, = 50 pF, Input ty = t¢ = 6.0 ns) 





tPHL (Figures 1 and 4) 










Maximum Propagation Delay, Select to Output Y 
(Figures 2 and 4) 


(Figures 3 and 4) 


Maximum Output Transition Time, Any Output 
(Figures 1 and 4) 


Power Dissipation Capacitance (Per Package) 


Used to determine the no-load dynamic power consumption: 
Pp = Cpp Vcc4f + Icc Vcc 


ae NE “ 


tpLH, | Maximum Propagation Delay, Input A or B to Output Y 


Maximum Propagation Delay, Output Enable to Output Y 








| Guaranteed Limit —_—| Limit 


Eee 
160 
32 
27 





@ | oP hy 
ouao 


Typical @ 25°C, Vcc = 5.0 V 
a eee 





PIN DESCRIPTIONS 


INPUTS 

AO, A1, A2, A3 (PINS 2, 5, 11, 14) — Nibble A inputs. 
The data present on these pins is transferred to the out- 
puts when the Select input is at a low level and the Output 
Enable input is at a low level. The data is presented to 
the outputs in noninverted form. 

BO, B1, B2, B3 (PINS 3, 6, 10, 13) — Nibble B inputs. 
The data present on these pins is transferred to the out- 
puts when the Select input is at a high level and the 
Output Enable input is at a low level. The data is pre- 
sented to the outputs in noninverted form. 


OUTPUTS 
YO, Y1, Y2, Y3 (PINS 4, 7, 9, 12) — Data outputs. The 
selected input Nibble is presented at these outputs when 


the Output Enable input is at a low level. The data present 
on these pins is in its noninverted form. For the Output 
Enable input at a high level, the outputs are at a low level. 


CONTROL INPUTS 

SELECT (PIN 1) — Nibble select. This input determines 
the data word to be transferred to the outputs. A low 
level on this input selects the A inputs and a high level 
selects the B inputs. 

OUTPUT ENABLE (PIN 15) — Output Enable input. A 
low level on this input allows the selected input data to 
be presented at the outputs. A high level on this input 
sets all outputs to a low level. 


MOTOROLA HIGH-SPEED CMOS LOGIC DATA 


5-145 








MC54/74HC157A 












SWITCHING WAVEFORMS 
tr tf tr tt 
. — VC == VCC 
INPUT A OR B SELECT 
GND GND 
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OUTPUT Y OUTPUT Y 


Figure 1. HC157A 


Figure 2. Y versus Select, Noninverted 







— V 
OUTPUT 


ENABLE GND 


OUTPUT Y . 


'THL 
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Figure 3. HC157A 
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*Includes all probe and jig capacitance. 


Figure 4. Test Circuit 
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NMC54/74HC158 
Quad 2-Input Data 


Selector/Multiplexer 

High-Performance Silicon-Gate CMOS | phate Ae 

CASE 620-09 

The MC54/74HC158 is identical in pinout to the LS158. The device inputs are 

compatible with standard CMOS outputs; with pullup resistors, they are com- 
patible with LSTTL outputs. N SUFFIX 
These devices route 2 nibbles (A or B) to a single port (Y) as determined by PLASTIC 

the Select input. The data is presented at the outputs in inverted form for the CASE 648-06 


HC158. A high level on the Output Enable input sets all four Y outputs to a high 
level for the HC158. 


® Output Drive Capability: 10 LSTTL Loads D SUFFIX 
Outputs Directly Interface to CMOS, NMOS, and TTL | . SOIC 
Operating Voltage Range: 2 to 6 V CASE 751B-03 
Low Input Current: 1 uA 

High Noise Immunity Characteristic of CMOS Devices 
In Compliance with the Requirements Defined by JEDEC Standard No. 7A ORDERING INFORMATION 
Chip Complexity: 74 FETs or 18.5 Equivalent Gates 





MC74HCXXXN Plastic 
MC54HCXXXJ Ceramic 
MC74HCXXXD SOIC 


Ta = —55° to 125°C for all packages. 
Dimensions in Chapter 6. 





PIN ASSIGNMENT 
LOGIC DIAGRAM 


SELECT] 1 @ 
15 [] OUTPUT ENABLE 
AO 
NIBBLE } Al 
A INPUTS } po 
A3 
YO 
BO YI f DATA 
wippLe | 81 y2 § OUTPUTS 


BINPUTS 7 2 


B3 FUNCTION TABLE 





Outputs 
YO--Y3 
HC158—INVERTING OUTPUTS Output 
SELECT Enable 
OUTPUT 
ENABLE ‘ 
: H 
PIN 16=Vec X= don't care . 
PIN 8=GND A0-A3, BO-B3 = the levels of the respective 


Data-Word Inputs. 
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MAXIMUM RATINGS* 


| Symbol | Parameter, | Value | Unit 
|_Vcc [DC Supply Voltage (Referenced toGND) | -0.6to +7.0 | Vv 
[Vin [DC input Vokage (Referenced to GND) | ~18toVec+t8 | Vv 
| 
lin__|DC input Current, perPin | 20 mA 
| lout [DC Output Current, per Pin | 25 | mA 
|_Icc [DC Supply Current, Veg and GND Ping | 80 | mA 


Power Dissipation in Still Air, Plastic or Ceramic DIPT mW 
SOIC Packaget 


Storage Temperature Se to +150 —s_ 


Lead Temperature, 1 mm from Case for 10 Seconds 
260 
300 


(Plastic DIP or SOIC Package) 
(Ceramic DIP) 
* Maximum Ratings are those values beyond which damage to the device may occur. 
Functional operation should be restricted to the Recommended Operating Conditions. 
nDeranny — Plastic DIP: — 10 mW/°C from 65° to 125°C 
Ceramic DIP: — 10 mW/°C from 100° to 125°C 
SOIC Package: ~7 mW/°C from 65° to 125°C 
For high frequency or heavy load considerations, see Chapter 4. 







This device contains protection 
circuitry to guard against damage 
due to high static voltages or electric 
fields. However, precautions must 
be taken to avoid applications of any 
voitage higher than maximum rated 
voltages to this high-impedance 












circuit. For proper operation, Vip, and 
Vout should be constrained to the 
range GND s(Vin or Vout) S$ Vc. 

Unused inputs must always be tied 
to an appropriate logic voltage level 
(e.g., either GND or Voc). Unused 
outputs must be left open. 








RECOMMENDED OPERATING CONDITIONS 


| Symbol | Parameter | Min. | Max | Unit _ 
|_Vcc_|DC Supply Voltage (Referencedto GND) | 2.0 =| 60 | Vv | 
| Vin-Vout | DC Input Voltage, Output Voltage (Referenced to GND) | _0 | Vcc | V__| 
|__ Ta [Operating Temperature, All Package Types | ~ 85 | +125 | °C 


Input Rise and Fail Time 
(Figure 1) 









DC ELECTRICAL CHARACTERISTICS (Voltages Referenced to GND) 


ee | 


Minimum High-Level Input 
Voltage 








Test Conditions 


| Guaranteed Limit Limit 
25°C to ‘ ‘ 





Vout = 9.1 V or Voc —-0.1 V 
lout] $20 nA 



















Maximum Low-Level Input 
Voltage 


Vout =0.1 V or Vec—0.1 V 
lout! $20 pA 















Minimum High-Level Output 
Voltage 


Vin= Vin oF VIL 
lloutl $20 pA 













lout! =4.0 mA 


Vin=VIH oF VIL 










Maximum Low-Level Output 
Voltage 


Vin = Vin oF VIL 
out| 20 nA 












Vin= lout! $4.0 mA 


lout! <5. 2 aeTH 


—— Maximum Input Leakage Current | Vi, =Vcc or GND 


Maximum Quiescent Supply Vin=Vcc or GND 
_ |Current (per Package) lout =9 nA 


NOTE: Information on typical parametric values can be found in Chapter 4. 


ViH or ViL 
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AC ELECTRICAL CHARACTERISTICS (C,; =50 pF, input t,; = tr=6 ns) 






Maximum Propagation Delay, Select to Output Y 
(Figures 2 and 4) 









tPLH. 
tPHL 


tPLH. 
(Figures 3 and 4) 


Maximum Output Transition Time, Any Output 
(Figures 1 and 4) 


nee 
Symbol Parameter 25°C to 
tp_H, | Maximum Propagation Delay, Input A or B to Output Y 2 
tPHL (Figures 2 and 4) 





Maximum Propagation Delay, Output Enable to Output Y 











| Guaranteed Limit —_—| Limit 


155 
as 7 
6.0 2 


PCa CL TIC A FRO cl 


NOTES: 1. For propagation delays with loads other than 50 pF, see Chapter 4. 
2. Information on typical parametric values can be found in Chapter 4. 


Power Dissipation Capacitance (Per Package) 


Used to determine the no-load dynamic power consumption: 


Pp=Cpp Vcc2f+!cc Vcc 


Typical @ 25°C, Vcc =5.0 V 





For load considerations, see Chapter 4. 


PIN DESCRIPTIONS 


INPUTS 

AO, A1, A2, A3 (PINS 2, 5, 11, 14) — Nibble A inputs. 
The data present on these pins is transferred to the out- 
puts when the Select input is at a low level and the Output 
Enable input is at a low level. The data is presented to 
the outputs in inverted form for the HC158. 

BO, B1, B2, B3 (PINS 3, 6, 10, 13) — Nibble B inputs. 
The data present on these pins is transferred to the out- 
puts when the Select input is at a high level and the 
Output Enable input is at a low level. The data is pre- 
sented to the outputs in inverted form for the HC158. 


OUTPUTS 


YO, Y1, Y2, Y3 (PINS 4, 7, 9, 12) — Data outputs. The 
selected input Nibble is presented at these outputs when 


the Output Enable input is at a low level. The data present 
on these pins is in its inverted form for the HC158. For 
the Output Enable input at a high level, the outputs are 
at a high level for the HC158. 


CONTROL INPUTS 


SELECT (PIN 1) — Nibble select. This input determines 
the data word to be transferred to the outputs. A low 
level on this input selects the A inputs and a high level 
selects the B inputs. 

OUTPUT ENABLE (PIN 15) — Output Enable input. A 
low level on this input allows the selected input data to 
be presented at the outputs. A high level on this input 
sets all outputs to a high level for the HC158. 


EXPANDED LOGIC DIAGRAM 


NIBBLE 
INPUTS 


OUTPUT ENABLE 
SELECT —! 


e 
> 
~< 
fon] 


am 
HO Dy 
} PL DATA 
OUTPUTS 

PO tn | 
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SWITCHING WAVEFORMS 
















— Vcc 
INPUT A OR B 
GND 
OUTPUT Y 
'THL 
Figure 1. HC158 
tf 
— Vcc 
SELECT 
GNO 
OUTPUT Y 
tTHL tTLH 
Figure 2. Y vs Select, Inverted 
tr tf 
oraes 
OUTPUT a 
ENABLE GND 


QUTPUT Y 





Figure 3. HC158 


TEST POINT 









OUTPUT 





DEVICE 
UNDER 
TEST 


*includes all probe and jig capacitance. 


Figure 4. Test Circuit 
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MC54/74HC160 


Presettable Counters MC54/74HC161 
High-Performance Silicon-Gate CMOS NMIC54/74HC162 
NiC54/74HC163 


The MC54/74HC160 through HC163 are identical in pinout to the LS160 through 
LS163, respectively. The device inputs are compatible with standard CMOS outputs; 
with pullup resistors, they are compatible with LSTTL outputs. 


The HC160 and HC162 are programmable BCD counters with asynchronous and J SUFFIX 
synchronous Reset inputs, respectively. The HC161 and HC163 are programmable CERAMIC 
4-bit binary counters with asynchronous and synchronous reset, respectively. CASE 620-09 


Output Drive Capability: 10 LSTTL Loads 

Outputs Directly Interface to CMOS, NMOS, and TTL 
Operating Voltage Range: 2 to 6 V pape 
Low Input Current: 1 pA CASE 648-06 
High Noise Immunity Characteristic of CMOS Devices 

In Compliance with the Requirements Defined by JEDEC Standard No. 7A 
Chip Complexity: 234 FETs or 58.5 Equivalent Gates 


D SUFFIX 
SOIC 
CASE 751B-03 


ORDERING INFORMATION 


LOGIC DIAGRAM 


MC74HCXXXN Plastic 
MC54H CXXXJ Ceramic 
MC74HCXXXD SOIC 








Qo 
Ta = —55° to 125°C for all packages. 
Preset P1 Q1 BCD or Dimensions in Chapter 6. 
Data Binary 
Inputs ff} P2 Q2 § Outputs 
P3 Q3 
PIN ASSIGNMENT 
Ripple V 
meee ay aan Carry 
Out Out 
Qo 
Q1 
Reset 
Load Q3 
Enable T 
Cc Enable P 
ount Pin 16=Vcc 
Enables | enable T Pin 8= GND 





FUNCTION TABLE 


See eas 


Reset 
: Load Preset Data 
H Count 
X No Count 
L No Count 


*HC162 and HC163 only. HC160 and HC161 are evchiehoue- Reset 
Devices 

H = high level 

L= low level 

X= don’t care 


Count 
Device Mode Reset Mode 


Asynchronous 
Asynchronous 
Synchronous 
Synchronous 
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MAXIMUM RATINGS* 


Symbol] ____——~—sParameter———~SC*dSCSCMale «YU 
‘DC Supply Voltage (Referenced to GND) -0.5 to +7.0 | ov | 
| Vin _| DC Input Voltage (Referenced to GND) - 1.5 to Voc + 1.5 —Y 
















ee aes DC Input Current, per Pin ae 
| lout _| DC Output Current, per Pin eae a 
DC Supply Current, Vcc and GND Pins Ee 


Lead Temperature, 1 mm from Case for 10 Seconds 
260 
300 


“Gene DIP or SOIC Package) 
(Ceramic DIP) 
*Maximum Ratings are those values beyond which damage to the device may occur. 
Functional operation should be restricted to the Recommended Operating Conditions. 
tDerating — Plastic DIP: — 10 mW/°C from 65° to 125°C 
Ceramic DIP: —10 mW/°C from 100° to 125°C 
SOIC Package: —7 mW/°C from 65° to 125°C 
For high frequency or heavy load considerations, see Chapter 4. 







RECOMMENDED OPERATING CONDITIONS 


[symboi|——=SSsParameter = SSSSC*CMin ‘| Max | Unit 
Vcc _| DC Supply Voltage (Referenced to GND) ——~—SC~dtC |g | 
[Vin.Vour| DC Input Voltage, Output Voltage (Referenced t GNDI | 0 | Vcc | Vv 
Ta [Operating Temperature, All Package Types +66 | +125 | °c _| 


Input Rise and Fall Time 
(Figure 1) 














DC ELECTRICAL CHARACTERISTICS (Voltages Referenced to GND) 


VIH 


Test Conditions 


Minimum High-Level Input Vout =0.1 V or Voc —90.1 V 


Maximum Low-Level Input 
Voltage 


Vout=0.1 V or Vee —0.1 V 
lout] $20 pA 


lout] 4.0 mA 
Maximum Low-Level Output 
Voltage 


Vin = ViH oF ViL 
lout| $20 pA 


lout} <4.0 mA 


Vin=VIH or VIL 
‘ lout! =5.2 mA 


VOH_ | Minimum High-Level Output Vin=VIH or VIL 
Voltage out| $20 pA 
| Vin=VIH oF VIL 


| tin __ | Maximum Input Leakage Current | Vin=Vcc or GND 


Icc Maximum Quiescent Supply Vin=Vcc or GND 
Current (per Package) lout = 0 pA 


NOTE: Information on typical parametric values can be found in Chapter 4. 


DC Output Voltage (Referenced to GND) —0.5 to Ne +05| vi | 


Power Dissipation in Still Air, Plastic or Ceramic DIPT | es | 
SOIC Packaget 


This device contains protection 
circuitry to guard against damage 
due to high static voltages or electric 
| fields. However, precautions must 
‘be taken to avoid applications of any 
voltage higher than maximum rated 
voltages to this high-impedance 


circuit. For proper operation, Vip and 


-Vout Should be constrained to the 
| range GND (Vin or Voyt) S Vcc. 


Unused inputs must always be tied 
to an appropriate logic voltage level 
(e.g., either GND or Vcc). Unused 
outputs must be left open. 





| Guaranteed Limit | Limit 


° 
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AC ELECTRICAL CHARACTERISTICS (C, =50 pF, Input t;=tr=6 ns) 
Guaranteed Limit 
Symbol Parameter Vcc 25°C to 
Vv <85°C | <125°C 
- 55°C 
fmax | Maximum Clock Frequency (50% Duty Cycle)* 2.0 4.8 4.0 
(Figures 1 and 7) 4.5 
6.0 





24 20 
28 24 
tpLH | Maximum Propagation Delay, Clock to Q 2.0 170 215 255 ns 
(Figures 1 and 7) 4.5 34 43 51 
6.0 29 37 43 
tPHL 2.0 | 205 255 310 
4.5 41 51 
6.0 35 43 
tpH_ | Maximum Propagation Delay, Reset to Q (HC160 and HC161 Only) 2.0 265 
(Figures 2 and 7) 4.5 
6.0 4 


53 
‘ 5 
tp_LH | Maximum Propagation Delay, Enable T to Ripple Carry Out 2.0 160 00 
(Figures 3 and 7) 4.5 32 40 
6.0 27 34 
tPHL 2.0 195 245 
4.5 39 49 
6.0 33 2 
tpLH | Maximum Propagation Delay, Clock to Ripple Carry Out 2.0 175 0 
(Figures 1 and 7) 4.5 35 440 
6.0 30 7 
70 
54 
46 
47 


265 





tPHL 2.0 215 325 
4.5 43 
6.0 37 
tpH_ | Maximum Propagation Delay, Reset to Ripple Carry Out (HC160 and HC161} 2.0 220 275 
Only) 4.5 44 
(Figures 2 and 7) 6.0 37 
tTLH, | Maximum Output Transition Time, Any Output 2.0 75 
4.5 15 
6.0 13 


2 
4 
22 
3 
2 
tTHL (Figures 1 and 7) 
| Cin [Maximum input Capacitance | pees (ea 


* Applies to noncascaded/nonsynchronously clocked configurations only. With synchronously cascaded counters, (1) Clock to Ripple Carry Out 
propagation delays, (2) Enable T or Enable P to Clock setup times, and (3) Clock to Enable T or Enable P hold times determine fryax. However, 
if Ripple Carry Out of each stage is tied to the Clock of the next stage (nonsynchronously clocked), the fma x in the table above is applicable. 
See Applications Information in this data sheet. 

NOTES: 

1. For propagation delays with loads other than 50 pF, see Chapter 4. 
2. Information on typical parametric values can be found in Chapter 4. 


o1 
or 








HSL S 


-lens BBs 


Power Dissipation Capacitance (Per Package) Typical @ 25°C, Vcc =5.0 V 
Used to determine the no-load dynamic power consumption: 


Pp=Cpp Vcc2f+Icc Vec 
For load considerations, see Chapter 4. 
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TIMING REQUIREMENTS (input t,=t¢=6 ns) 


" | Guaranteed Limit Limit 
Symbol Parameter i 25°C to 
Minimum Setup Time, Preset Data Inputs to Clock 
(Figure 5) re a 
6.0 

































Minimum Setup Time, Load to Clock 2.0 135 
(Figure 5) . 4.5 27 
6.0 23 
Minimum Setup Time, Reset to Clock (HC162 and HC163 only) 2.0 160 
(Figure 4) 4.5 32 
6.0 27 
Minimum Setup Time, Enable T or Enable P to Clock 2.0 200 
(Figure 6) 4.5 40 
6.0 34 
Minimum Hold Time, Clock to Preset Data Inputs 2.0 
(Figure 5) 4.5 
6.0 
Minimum Hold Time, Clock to Load 2.0 
(Figure 5) 4.5 
6.0 
Minimum Hold Time, Clock to Reset (HC162 and HC163 only) 2.0 
(Figure 4) 4.5 
6.0 
Minimum Hold Time, Clock to Enable T or Enable P 2.0 
(Figure 6) 4.5 
6.0 
Minimum Recovery Time, Reset Inactive to Clock (HC160 and HC161 only)| 2.0 
(Figure 2) 4.5 
6.0 
Minimum Recovery Time, Load Inactive to Clock 2.0 125 
(Figure 5) 4.5 25 
6.0 21 
Minimum Pulse Width, Clock 2.0 80 
(Figure 1) 4.5 16 
6.0 14 
Minimum Pulse Width, Reset (HC160 and HC161 only) 2.0 80 
(Figure 2) 4.5 16 
6.0 14 
Maximum Input Rise and Fall Times 2.0 1000 






(Figure 1) 






NOTE: Information on typical parametric values can be found in Chapter 4. 
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FUNCTION DESCRIPTION 


The HC160/161/162/163 are programmable 4-bit syn- 
chronous counters that feature parallel Load, synchronous 
or asynchronous Reset, a Carry Output for cascading, and 
count-enable controls. 

The HC160 and HC162 are BCD counters with asyn- 
chronous Reset, and synchronous Reset, respectively. The 
HC161 and HC163 are binary counters with asynchronous 
Reset and synchronous Reset, respectively. 


INPUTS 


Clock (Pin 2) — The internal flip-flops toggle and the out- 
put count advances with the rising edge of the Clock input. 
In addition, control functions, such as resetting (HC162 and 
HC163) and loading occur with the rising edge of the Clock 
input. 

Preset Data Inputs PO, P1, P2, P3 (Pins 3, 4, 5, 6) — These 
are the data inputs for programmable counting. Data on 
these pins may be synchronously loaded into the internal 
flip-flops and appear at the counter outputs. PO (pin 3) is the 
least-significant bit and P3 (pin 6) is the most-significant bit. 


OUTPUTS 

Q0, Q1, Q2, O3 (Pins 14, 13, 12, 11) — These are the 
counter outputs (BCD or binary). QO (pin 14) is the least- 
significant bit and Q3 (pin 11) is the most-significant bit. 

Ripple Carry Out (Pin 15) — When the counter is in its 
maximum state (1001 for the BCD counters or 1111 for the 
binary counters), this output goes high, providing an exter- 
nal look-ahead carry pulse that may be used to enable suc- 
cessive cascaded counters. Ripple Carry Out remains high 
only during the maximum count state. The logic equations 
for this output are: 


Ripple Carry Out= Enable TeQ0eO1e020eQ3 

for BCD counters HC160 and HC162 
Ripple Carry Out= Enable TeQ0*eQ1°Q2¢Q3 

for binary counters HC161 and HC163 


CONTROL FUNCTIONS 

Resetting — A low level on the Reset pin (pin 1) resets the 
internal flip-flops and sets the outputs (QO through Q3) to a 
low level. The HC160 and HC161 reset asynchronously, and 
the HC162 and HC163 reset with the rising edge of the Clock 
input (synchronous reset). 

Loading — With the rising edge of the Clock, a low level 
on Load (pin 9) loads the data from the Preset Data Input pins 
(PO, P1, P2, P3) into the internal flip-flops and onto the output 
pins, QO through Q3. The count function is disabled as long 
as Load is low. 

Although the HC160 and HC162 are BCD counters, they 
may be programmed to any state. !f they are loaded with a 
state disallowed in BCD code, they will return to their normal 
count sequence within two clock pulses (see the Output State 
Diagram). 

Count Enable/Disable — These devices have two count- 
enable control pins: Enable P (pin 7) and Enable T (pin 10). 
The devices count when these two pins and the Load pin are 
high. The logic equation is: . 


Count Enable= Enable PeEnable TeLoad 


The count is either enabled or disabled by the control in- 
puts according to Table 1. In general, Enable P is a count- 
enable control; Enable T is both a count-enable and a Ripple- 
Carry Output control. 










Enable P {Enable T| Q0-03 | Ripple Carry Out 
are maximum* 
Q3. Q2 Q1 QO0= 1001. 


TABLE 1. COUNT ENABLE/ DISABLE 
ount High when Q0-Q3 
No Count} High when Q0—03 
x 
*Q0 through Q3 are maximum for the HC160 and HC162 when 
QO through Q3 are maximum for the HC161 and HC163 when 
QO3 Q2 Q1 QO=1111. 


OUTPUT STATE DIAGRAMS 


HC160 and HC162 
BCD Counters 


15 


A, 


14 V 


13 


CT ao UE 


HC161 and HC163 
Binary Counters 
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SWITCHING WAVEFORMS | 











Vcc Vcc 
Clock Reset 
—— GND == GND 
Any 
Output 
Any 
Output Vcc 
Clock 50% 
— GND 
Figure 1. Figure 2. 
ma NGO 
Enable T Reset 
GND 
Ripple 
Carry Vcc 
Out Clock | 
GND 
Figure 3. 
Valid 
Inputs Vcc 
P2, P3 GND 
tei; th Enable T VCC 
or 
Vcc Enable P GND 
Load 50% 
—— GND Vcc 
Clock 50% 
tsu th trec — GND 
Vcc ee 
Clock 50% | Figure 6. 
—— GND 
Figure 5. 
TEST CIRCUIT 
Test Point 





Output 


* Includes all probe and jig capacitance. 


Figure 7. 
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P2 


P3 


Enable P 


Enable T 


Reset 


Clock 


Load 





MC54HC160 e MC74HC160 
BCD Counter with Asynchronous Reset 





———d>—2 a1 


———d>>—2 


———d>—! as 


Ripple 
~~: a> ue Carry 
Out 


Vcoc=Pin 16 
GND=Pin 8 


The flip-flops shown in the circuit diagrams are Toggle-Enable flip-flops. A Toggle- 
Enable flip-flop is a combination of a D flip-flop and a T flip-flop. When loading data from 
Preset inputs PO, P1, P2, and P3, the Load signal is used to disable the Toggle input (Tn) of 
the ‘ip-flop. The logic level at the Pn input is then clocked to the Q output of the flip-flop 
cr tre next rising edge of the clock. 

A oagic zero on the Reset device input forces the internal clock (C) high and resets the OQ 
Cutp* o* the flip-flop low. 


E9LOHVL/VSOINeZ9LDHPL/PGOIN e LSLDHPL/tGDIW eO9LOHPL/PS90IN 
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MC54HC161 e MC74HC161 
4-Bit Binary Counter with Asynchronous Reset 


Enable P 2 >e 
Enable T 12 ee 


1 


Reset R 
Clock 2 C 
Cc 


Load a eee 6s Load 
Load 





Q0 


Q1 


12 Q2 


Q3 


Ripple 
Carry 
Out 


Vcc= Pin 16 
GND= Pin 8 


The flip-flops shown in the circuit diagrams are Toggle-Enable flip-flops. A Toggle- 
Enable flip-flop is a combination of a D flip-flop and a T flip-flop. When loading data from 
Preset inputs PO, P1, P2, and P3, the Load signal is used to disable the Toggle input (Tn) of 
the flip-flop. The logic level at the Pn input is then clocked to the O output of the flip-flop 
on the next rising edge of the clock. 

A logic zero on the Reset device input forces the internal clock (C) high and resets the Q 
output of the flip-flop low. 
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HC160, HC162 TIMING DIAGRAM 


Sequence illustrated in waveforms: 

1. Reset outputs to zero. 

2. Preset to BCD seven. 

3. Count to eight, nine, zero, one, two, and three. 
4. Inhibit. 


Reset (HC160) | (Asynchronous) 
| 
Reset (HC162) | | (Synchronous) 
| 
Load | | | 


Bese i lM a 


Data 


| 
Inputs | P2 | | 
| 


| 
Enable P | | | 


| | 

iT | 

Count l l 
enables Enable fl ee eee ee ae 
| | 


| 
| 
| 
| 
| 











| 
| | | | 
ee _!| | | 
Ripple | | | | 
Carry | | | 
Out | I7 [8 9 0 1 2. 3{ 
Ae a 


Reset Load 
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HC161, HC163 TIMING DIAGRAM 


Sequence illustrated in waveforms: 

1. Reset outputs to zero. 

2. Preset to binary twelve. 

3. Count to thirteen, fourteen, fifteen, zero, one, and two. 
4. Inhibit. 


| 
Reset (HC163) | | (Synchronous) 
| 
Load | | | 
| ps 
BO ee ce cae te ee 
Preset Pt 


| 
| 
Data { 
Inputs # p2 | | | 
| 
P3__| | |_ 
| 
Clock (HC161) | LELILILIO LILI LILI LI LILI 
Clock (HC163) LTLILILILILIFLILI LILI LILI LI 
| | 8 
Enable P | lf | | 
Count 7% ’ 
Enable T | i aie! ia 
| 
| 


Enables | 
[ 
| | | . 
. Q1 | | | | | 
Outputs eee ay | 








Ripple | | 
Carry | | 
Out | fi2 113° «14——«15 0 {9 
Reset Load Count Inhibit 


ES a ENS 01 TD ee 
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MC54HC162 e MC74HC162 
BCD Counter with Synchronous Reset 


PO 


P1 


P2 


P3 


Enable P 


Enable T 


Reset > _{S0——____—_q>— R 
CG 
Load a ete Load 
Load 








Qo 


Q1 


Q3 


Ripple 
Carry 
Out 


Vcc= Pin 16 
GND = Pin 8 


The flip-flops shown in the circuit diagrams are Toggle-Enable flip-flops. A Toggle- 
Enable flip-flop is a combination of a D flip-flop and a T flip-flop. When loading data from 
Preset inputs PO, P1, P2, and P3, the Load signal is used to disable the Toggle input (Tn) of 
the flip-flop. The logic level at the Pn input is then clocked to the Q output of the flip-flop 


“on the next rising edge of the clock. 


A logic zero on the Reset device input forces the internal clack (C) high and resets the Q 
output of the flip-flop low. 


ESLOHPL/PGDINeZ9OLDHPL/PEDINe LSLOHVL/PSDINeO9SLDHPL/PSOIN 


COL-S 


VLVG 915071 SOIWD GsasdS-HSIH VIOYOLOW 


MC54HC163 e MC74HC163 
4-Bit Binary Counter with Synchronous Reset 


Pi 


P2 


P3 


Enable P 


Enable T 


Reset 1_f>—_{>o—___—_q>— R 
Clock : 
C 
Load 4 SS Load 
Load 





14 


Ql 


NV og 


Ripple 
Carry 
Out 


15 


Vcc= Pin 16 
GND= Pin 8 


The flip-flops shown in the circuit diagrams are Toggle-Enable flip-flops. A Toggle- 
Enable flip-flop is a combination of a D flip-flop and a T flip-flop. When loading data from 
Preset inputs PO, P1, P2, and P3, the Load signal is used to disable the Toggle input (Tn) of 
the flip-flop. The logic level at the Pn input is then clocked to the Q output of the flip-flop 
on the next rising edge of the clock. 

A logic zero on the Reset device input forces the internal clock (C) high and resets the Q 
output of the flip-flop low. 


E9LOHPL/PSOIN eC9OLDHVL/PSDIN e LSLOHPL/PSDINeO9LDHPZL/VSDW 
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TYPICAL APPLICATIONS 
CASCADING 


N-Bit Synchronous Counters 


Inputs 
EEE NEL AIOE 





Inputs 







() 
Load PO P1 P92 P83 





P2 P3 








Load PO P1 P2 P3 | Load PO P1 

































H = Count 
L =Disable Enable P Enable P Enable P 
ices Ripple Ripple Ripple oo. 
ees Enable T Carry Enable T Carry Enable T Carry Sse 
Sear Out Out Out g 
Stages 
i> Clock 
R QO Q1 Q2 Q3 R Q0 Q1 Q2 Q3 R Q0 Q1 Q2 Q3 
euse Ll meee 
Reset 
Outputs Outputs Outputs 
Clock 


NOTE: When used in these cascaded configurations the clock fm4gx guaranteed limits may not apply. Actual performance will depend on number 
of stages. This limitation is due to set up times between Enable (Port) and Clock. 


Nibble Ripple Counter 


Inputs Inputs Inputs 


Seis ee Se a ee 
eka Gee ee RE 











Load 








Enable T 









Load PO P1 P2 P3 Load (PO --P1: :P2Z.'P3 





Enable P Enable P 





















. : To 
Ripple Ripple More 
Enable T Carry Enable T Carry Significant 
Out Out | Stages 


Clock 





Reset QO Q1 Q2 Q3 


Reset 


Outputs Outputs Outputs 
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TYPICAL APPLICATIONS 
VARYING THE MODULUS 









Optional Buffer 
for Noise Rejection 


Optional Buffer 
for Noise Rejection 


Inputs 


Output Output 


Modulo-5 Counter Modulo-11 Counter 


The HC162 and HC163 facilitate designing counters of any modulus with minimal external logic. The output is glitch-free due 
to the synchronous Reset. 
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MOTOROLA 


a SEMICONDUCTOR 
TECHNICAL DATA 





8-Bit Serial-Input/Parallel-Output 


ViC54/74HC164 
Shift Register 


High-Performance Silicon-Gate CMOS neniha 


CASE 632-08 

The MC54/74HC164 is identical in pinout to the LS 164. The device inputs are 
compatible with standard CMOS outputs; with pullup resistors, they are compatible 
with LSTTL outputs. 

The MC54/74HC164 is an 8-bit, serial-input to parallel-output shift register. Two 
serial data inputs, Ai and A2, are provided so that one input may be used as a data 
enable. Data is entered on each rising edge of the clock. The active-low asynchron- 
ous Reset overrides the Clock and Serial Data inputs. 


N SUFFIX 
PLASTIC 
CASE 646-06 


® Output Drive Capability: 10 LSTTL Loads 

@® Outputs Directly Interface to CMOS, NMOS, and TTL 

@ Operating Voltage Range: 2 to 6 V 

@ Low Input Current: 1 uA ORDERING INFORMATION 
@ High Noise Immunity Characteristic of CMOS Devices 

@ in Compliance with the Requirements Defined by JEDEC Standard No. 7A MC74HCXXXN Plastic 

@ Chip Complexity: 244 FETs or 61 Equivalent Gates MC54HCXXXJ Ceramic 


Ta = —55° to 125°C for all packages. 
Dimensions in Chapter 6. 


LOGIC DIAGRAM 





SERIAL 
DATA 
INPUTS 


PIN ASSIGNMENT 


PARALLEL 
DATA 
. OUTPUTS 





FUNCTION TABLE 


PIN 14=Vec 
PIN 7 = GND 


no change 
D Qan---QGn 
D Qan---QGn 


D = data input 

Qan - QGn= data shifted from the previous | 
stage on a rising edge at the 
clock input. 
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MAXIMUM RATINGS®* ° 


a 
[Vin [DC input Votage (Referenced to GND) __——+[ ~15 to Vec+18| Vv 
Vout [BC Output Votage (Referenced to GND) | -0.5 wVoc+05 | Vv 
oer 
ma 
pmw 


This device contains protection 

| Circuitry to guard against damage 
~ due to high static voltages or electric 
fields. However, precautions. must 
be taken to avoid applications of any 
voltage higher than maximum rated 
voltages to this high-impedance 










circuit. For proper operation, Vip, and 
Vout Should be constrained to the 
range GND <(Vjn or Vout) SVec- | 
Unused inputs must always be tied 
_to an appropriate logic voltage level 
_(e.g., either GND or Vcc). Unused 
outputs must be left open. 


+2 
+2 
[Fo | Power Disbaton in SH A Pat or Goon IPT] 760_——‘|_ mi 
[Tag _[StoegeTemposwe «SCD | 
(Plastic DIP) 260 os 
300 


*Maximum Ratings are those values beyond which damage to the device may occur. 
Functional operation should be restricted to the Recommended Operating Conditions. 
tDerating — Plastic DIP: — 10 mW/°C from 65° to 125°C 
Ceramic DIP: —10 mW/°C from 100° to 125°C 
For high frequency or heavy load considerations, see Chapter 4. 


Vv 

V 

Fin [DC pur Current, per Pin SSSC~SCSC*C~‘ia Om 
' mA 

°C 

ad © 


Lead Temperature, 1 mm from Case for 10 Seconds 









RECOMMENDED OPERATING CONDITIONS 


Input Rise and Fall Time 
(Figure 1) 












Vcc 
2.0 1.5 1.5 1.5 


4.5 3.15 ; 3.15 
6.0 4.2 4.2 





Test Conditions 


Minimum High-Level Input 
Voltage 


Vout =0.1 V or Voc —0.1 V 
Hout] $20 pA 






























Maximum Low-Level Input Vout =9.1 V or Vcc —-0.1 V 2.0 0.3 0.3 0.3 V 
Voltage llout| S20 pA 4.5 0.9 0.9 0.9 
6.0 1.2 












2.0 1.9 9. ; 
4.5 4.4 : 4.4 


6.0 5.9 5.9 5.9 

4.5 3.98 3.84 3.70 

6.0 5.48 5.34 5.20 
2.0 
4.5 
6.0 

| Vin= Vin or Vib lloutl =4.0 mA 0.26 0.33 0.40 

lout} $5.2 mA 0.26 0.33 0.40 


lcc Maximum Quiescent Supply Vin=Vcc or GND pA 
Current (per Package) lout =90 pA 


NOTE: Information on typical parametric values can be found in Chapter 4. 


Minimum High-Level Output 
Voltage 


Vin = VIH OF VIL 
lout] =20 pA 



























Vin = VIH or ViL lout! <4.0 mA 


lout] <5-2 mA 





< 


Maximum Low-Level Output 
Voltage 


Vin = ViH OF VIL 
lout] $20 nA 
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AC ELECTRICAL CHARACTERISTICS (C; =50 pF, Input t, = t¢=6 ns) 





| ss Guaranteed Limit | Limit 
Parameter 


Maximum Clock Frequency (50% Duty Cycle) : 
(Figures 1 and 4) ‘ 
Maximum Propagation Delay, Clock to Q ‘ 175 
(Figures 1 and 4) : 35 
f 30 


Maximum Propagation Delay, Reset to Q 
(Figures 2 and 4) 


Maximum Output Transition Time, Any Output 
(Figures 1 and 4) 


Maximum Input Capacitance 


NOTES: 
1. For propagation delays with loads other than 50 pF, see Chapter 4. 
2. Information on typical parametric values can be found in Chapter 4. 


Power Dissipation Capacitance (Per Package) 
Used to determine the no-load dynamic power consumption: 


Pp=Cpp Vec*f+Icc Voc 
For load considerations, see Chapter 4. 





TIMING REQUIREMENTS (input t, =t¢=6 ns) 


| Guaranteed Limit | Limit - 
Symbol Parameter 25°C to 
" —55°C = eee 


Minimum Setup Time, A1 or A2 to Clock 
(Figure 3) : a 


Minimum Hold Time, Clock to A1 or A2 : 
(Figure 3) ; 


Minimum Recovery Time, Reset Inactive to Clock 


(Figure 2) 


Minimum Pulse Width, Clock p 100 
(Figure 1) : 





11 

20 

17 

Minimum Pulse Width, Reset ; 100 
(Figure 2) 20 
17 


Maximum Input Rise and Fall Times ; 1000 
(Figure 1) 


NOTE: Information on typical parametric values can be found in Chapter 4. 
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PIN DESCRIPTIONS 


INPUTS 

A1, A2 (PINS 1, 2) — Serial Data Inputs. Data at these 
inputs determine the data to be entered into the first stage of 
the shift register. For a high level to be entered into the shift 
register, both A1 and A2 inputs must be high, thereby allowing 
one input to be used as a data-enable input. When only one 
serial input is used, the other must be connected to Vcc. 


CLOCK (PIN 8) — Shift Register Clock. A positive-going 
transition on this pin shifts the data at each stage to the next 
stage. The shift register is completely static, allowing clock 
rates down to DC in a continuous or intermittent mode. 


OUTPUTS 


Op — Oy (PINS 3, 4, 5, 6, 10, 11, 12, 13) — Parallel Shift 
Register Outputs. The shifted data is presented at these 
outputs in true, or noninverted, form. 


CONTROL INPUT . 

RESET (PIN 9) — Active-Low, Asynchronous Reset Input. 
A low voltage applied to this input resets all internal flip-flops 
and sets outputs QA — QH to the low level state. 


SWITCHING WAVEFORMS 


Vec 
CLOCK 
— GND 


Qa 





Figure 1 
VALID 
Vec 
GND 
tsu th 
. Vec 
CLOCK 50% 
—— GND 
Figure 3 


RESET 





CLOCK 50% 


—— GND 


Figure 2 


TEST POINT 






DEVICE 
UNDER 
TEST 






* Includes all probe and jig capacitance. 


Figure 4. Test Circuit 
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EXPANDED LOGIC DIAGRAM 


EEL TY 
sot Tt itithts 


Qa Og Qc Op Og Of Qg Qy 
TIMING DIAGRAM 


CLOCK 
Brera a 
A2 | | 

RESET Bg eee eas 1 ee pe ge Oe ee 
aia AC ccc (een 
OO ae ae 
ag, Comet ean erar een) (ay Dene re eee 
Oe eee 
ice Sere reer ene! Caaicaig| ener ene ee ae 
ae eee ee 
a eee ene ne eer rarer cag (eee 
DN ee ee 
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MOTOROLA 


a SEMICONDUCTOR | 
TECHNICAL DATA 


8-Bit Serial or Parallel-Input/ 


Serial-Output Shift Register 
High-Performance Silicon-Gate CMOS 


The MC54/74HC165 is identical in pinout to the LS165. The device inputs are 
compatible .with standard CMOS outputs; with pullup resistors, they are compatible 
with LSTTL outputs. 

This device is an 8-bit shift register with complementary outputs from the last 
stage. Data may be loaded into the register either in parallel or in serial form. When 
the Serial Shift/Parallel Load input is low, the data is loaded asynchronously in par- 
allel. When the Serial Shift/Parallel Load input is high, the data is loaded serially on 
the rising edge of either Clock or Clock Inhibit (see the Function Table). 

The 2-input NOR clock may be used either by combining two independent clock 
sources or by designating one of the clock inputs to act as a clock inhibit. 














MIC54/74HC165 — 


J SUFFIX 
~ CERAMIC 
CASE 620-09 


‘N SUFFIX 
PLASTIC 
CASE 648-06 


@ Output Drive Capability: 10 LSTTL Loads ORDERING INFORMATION 
@ Outputs Directly Interface to CMOS, NMOS, and TTL ; 
@ Operating Voltage Range: 2 to 6 V a Alea siete 
@ Low Input Current: 1 pA es 
@ High Noise Immunity Characteristic of CMOS Devices 
@ In Compliance with the Requirements Defined by JEDEC Standard No. 7A TA = —55° to 125°C for all packages. 
@ Chip Complexity: 286 FETs or 71.5 Equivalent Gates Dimensions in Chapter 6. 
LOGIC DIAGRAM 
A 
B PIN ASSIGNMENT 
. oH ch Serial Shift/ 
Parallel {°D talon Parallel Load 
Data Gy | Outputs 
Inputs E 
F 
G 
H 
Serial 
5 Data {ss Pin 16=Vcc 
Input = Pin 8= GND 
Serial Shift/ Parallel Load 
Clock - 
Clock Inhibit FUNCTION TABLE 












Serial Shift/ Clock 
—=—— Load;| Clock _— 


Hone a ia 


X= don't care 
QAn-QGn= Data shifted from the preceding stage 










Q a 
ann | a Serial Shift via Clock Inhibit 
Inhibited Clock 








Fae re 


Asynchronous Parallel Load 


Sa . - 7 
Serial Shift via Clock 
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MAXIMUM RATINGS* 


DC Supply Voltage (Referenced to GND) —0.5 to +7.0 | ov | 
DC Input Voltage (Referenced to GND) —1.5 to Vcc + 1.5 
C 
L 






This device contains protection 
circuitry to guard against damage 
due to high static voltages or electric 
fields. However, precautions must 
be taken to avoid applications of any 
voltage higher than maximum rated 
voltages to this high-impedance 
circuit. For proper operation, Vjn and 
Vout should be constrained to the 
range GND <(Vin or Voyt) S$ Vcc. 

Unused inputs must always be tied 
to an appropriate logic voltage level 


(e.g., either GND or Vcc). Unused 
| outputs must be left open. | 





v , Ee 
Vout | DC Output Voltage (Referenced to GND) —0.5 to Vcc + 0.5 ee | 
| zt 


20 
| Pp Power Dissipation in Still Air, Plastic or Ceramic DIPt mW 
Storage Temperature —65 to + 150 ae 


Lead Temperature, 1 mm from Case for 10 Seconds 
(Plastic DIP) 
(Ceramic DIP) 


* Maximum Ratings are those values beyond which damage to the device may occur. 
Functional operation should be restricted to the Recommended Operating Conditions. 
tDerating — Plastic DIP: — 10 mW/°C from 65° to 125°C 
Ceramic DIP: ~ 10 mW/°C from 100° to 125°C 


For high frequency or heavy load considerations, see Chapter 4. 





V 
V 
: V 
mA 
mA 
DC Supply Current, Vcc and GND Pins 
°C 
T ss 4 









RECOMMENDED OPERATING CONDITIONS 


[symboi| Parameter SS*d «Min | Max | Unt 
vce | Be Supp Vonage (Referenced to GND) —SCSC~d CP | 
Vin-Vous [DC input Votage, Output otage (Referenced to GND) | 0 | veo |v 


| = 55 
Input Rise and Fall Time 1000 
500 
400 


(Figure 1) 
DC ELECTRICAL CHARACTERISTICS (Voltages Referenced to GND) 


Symbol Parameter 


Minimum High-Level Input 
























Vec 25°C to 
Vv <85°C | <125°C 
2.0 . 


f 1.5 1.5 
4.5 3.15 3.15 







Test Conditions 









Vout =0.1 V or Vec-0.1 V 





















Voltage lout] $20 nA 
6.0 4.2 4.2 
Maximum Low-Level Input Vout =9.1 V or Vcc -9.1 V 2.0 0.3 0.3 


0.9 0.9 
1.2 1.2 


1.9 1.9 
4.4 4.4 


Voltage lout] $20 pA 

















Minimum High-Level Output 
Voltage 


Vin = ViH OF VIL 
lout! $20 pA 


t V 
6:0 5.9 5.9 5.9 
Vin = Vin or VIL out| <4.0 mA| 4.5 3.98 3.84 3.70 
llout| <5-2 mA| 6.0 5.48 5.34 5.20 
Vin= Vin or VIL 2.0 0.1 0.1 V 
4.5 0.1 0.1 
6.0 0.1 0.1 
0.26 0.33 0.40 
Nout] <5-2 mA 0.26 0.33 0.40 


Houtl $20 pA 
Maximum Input Leakage Current | Vin=Vcc or GND | 6.0 | +01 | +10 | 41.0 















Maximum Low-Level Output 
Voltage 






Vin = Vin or VIL lout! $4.0 mA 





ial 
al 


Maximum Quiescent Supply Vin= Vcc or GND 
Current (per Package) Hout =9 nA 


NOTE: Information on typical parametric values can be found in Chapter 4. 


lH 
VIL 
OH 
OL 
Icc 
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AC ELECTRICAL CHARACTERISTICS (C, =50 pF, Input t,=t,=6 ns) 


Vo | Guaranteed Limit ——_—| Limit 
<= <= 
fmax | Maximum Clock Frequency (50% Duty Cycle) MHz 
(Figures 1 and 8) a > a 
6.0 28 24 


tpLH,' | Maximum Propagation Delay, Clock (or Clock Inhibit) to Qy or Qy 2.0 150 190 225 
tPHL (Figures 1 and 8) 4.5 30 38 45 


6.0 26 33 38 


tp_H, | Maximum Propagation Delay, Serial Shift/Parallel Load to Qy or Qy 2.0 175 220 265 
tPHL (Figures 2 and 8) 4.5 35 44 53 
6.0 30 37 













4 

tp_H, | Maximum Propagation Delay, Input H to Qh or Oy | 2.0 150 190 22 
tpHL | (Figures 3 and 8) 4.5 30 38 
6.0 26 33 


5 
5 
5 
8 
9 
10 






4 
3 
tTLH, {Maximum Output Transition Time, Any Output : 75 95 110 
tTHL (Figures 1 and 8) ow 15 19 22 
, 13 16 1 


| Cin _|Maximum input Capacitance | | ttt 


NOTES: 
1. For propagation delays with loads other than 50 pF, see Chapter 4. 
2. Information on typical parametric values can be found in Chapter 4. 


Power Dissipation Capacitance (Per Package) _ Typical @ 25°C, Vcc =5.0 V 


Used to determine the no-load dynamic power consumption: 





Pp=Cpp Vec*Fticc Vec 
For load considerations, see Chapter 4. 
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TIMING REQUIREMENTS (input t,= t¢=6 ns) 













Guaranteed Limit 
Symbol Parameter i 25°C to EE P 
_55°C EE C |} <125°C 
tsy Minimum Setup Time, Parallel Data Inputs to Serial Shift/Parallel Load 100 125 
(Figure 4) fe 20 25 30 
6.0 17 21 26 
tsy Minimum Setup Time, Input Sa to Clock (or Clock Inhibit) 2.0 100 125 
(Figure 5) 4.5 20 25 
6.0 17 21 
tsy Minimum Setup Time, Serial Shift/Parallel Load to Clock (or Clock Inhibit) ns 





(Figure 6) 


Minimum Setup Time, Clock to Clock Inhibit 
(Figure 7) 


Minimum Hold Time, Serial Shift/Parallel Load to Parallel Data Inputs 


(Figure 4) 


Minimum Hold Time, Clock (or Clock Inhibit) to Input Sa 


(Figure 5) 


Minimum Hold Time, Clock (or Clock Inhibit) to Serial Shift/Parallel Load 


(Figure 6) 


Minimum Recovery Time, Clock to Clock Inhibit 
(Figure 7) 


Minimum Pulse Width, Clock (or Clock Inhibit) 
(Figure 1) 


Minimum Pulse Width, Serial Shift/Parallel Load 
(Figure 2) 


Maximum Input Rise and Fall Times 
(Figure 1) 









cs 


NOTE: Information on typical parametric values can be found in Chapter 4. 


PIN DESCRIPTIONS 


INPUTS 

A, B, C, D, E, F, G, H (PINS 11, 12, 13, 14, 3, 4, 5, 6) — 
Parallel Data inputs. Data on these inputs are asynchronously 
entered in parallel into the internal flip-flops when the Serial 
Shift/Parallel Load input is low. 

Sa (PIN 10) — Serial Data input. When the Serial Shift/ 
Parallel Load input is high, data on this pin is serially entered 
into the first stage of the shift register with the rising edge of 
the Clock. 


CONTROL INPUTS 

SERIAL SHIFT/PARALLEL LOAD (PIN 1) — Data-entry 
control input. When a high level is applied to this pin, data at 
the Serial Data input (Sa) are shifted into the register with 
the rising edge of the Clock. When a low level is applied to 


this pin, data at the Parallel Data inputs are asynchronously 
loaded into each of the eight internal stages. 


CLOCK, CLOCK INHIBIT (PINS 2, 15) — Clock inputs. 
These two clock inputs function identically. Either may be used 
as an active-high clock inhibit. However, to avoid double 
clocking, the inhibit input should go high only while the clock 
input is high. 

The shift register is completely static, allowing Clock rates 
down to DC in a continuous or intermittent mode. 


OUTPUTS 

Quy, Qy (PINS 9, 7) — Complementary Shift Register 
outputs. These pins are the noninverted and inverted outputs 
of the eighth stage of the shift register. 
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SWITCHING WAVEFORMS 















‘Clock Vcc 
or Clock Inhibit 
—— GND 
Qy or Oy 
tTHL 
Figure 1. Serial-Shift Mode 
— Vcc 
GND 
Figure 3. Parallel-Load Mode 
: Vcc 
Input SA 
GND 
Clock Vcc 
or Clock Inhibit 50% 
w= GND 
Figure 5. Serial-Shift Mode 
Clock 2 Inhibited 
ae NCC 
Clock Inhibit 
> GND 
— VCC 
Clock 
~ GND 


Figure 7. Serial-Shift, 
Clock-Inhibit Mode 








Vcc 
Parallel Load — GND 
Quy or Oy 
Figure 2. Parallel-Load Mode 
VCC 
Inputs A-H 
GND 
Vcc 
Serial Shift/ 
Parallel Load — GND 
Asynchronous 
Parallel 
Figure 4. Load 


(level sensitive) 


Parallel-Load Mode 


ae 
Serial Shift/ ce 
Parallel Load 
GND 
V 
Clock ce 
or Clock Inhibit 
—— GND 





Figure 6. Serial-Shift Mode 


Test Point 





* Includes all probe and jig capacitance. 


Figure 8. Test Circuit 
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EXPANDED LOGIC DIAGRAM 












Serial Shift/ 
Parallel Load 1 








. wo A rae es 
Serial Data 
_ ; 
° JI, ||, T 
r r ce ots, 
[ae ee 


Inhibit 


TIMING DIAGRAM 


Clock 


Clock Inhibit | eee, 





SA 
Parallel putts | | 




















1 
i] 
i 
t 
4 
i 
‘4 
H 
C 1H H 
{ 1 
Parallel D ae H 
Data { { 
Inputs E iH H 
| | 
F pL { 
| H 
G tH] H 
] 1 
t ! . 

H iH i 
H 

QH rH HIL[PHILPHILAR 
{ 
‘aan ( 

On 'L LfAHLLPALLIALL 





Clock te 
Inhibit->Le——— Serial-Shift Mode ———-—_> 
Mode 

Parallel Load Le 
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NIC54/74HC173 


Quad 3-State D Flip-Flop with OnE 


Common Clock and Reset | ETA _SERAMIC 
High-Performance Silicon-Gate CMOS : , 


The MC54/74HC173 is identical in pinout to tne LS173. The device inputs are a - — N SUFFIX 
compatible with standard CMOS outputs; with pullup resistors, they are compatible BR PLASTIC 
with LSTTL outputs. yf CASE 648-06 

Data, when enabled, are clocked into the four D flip-flops with the rising edge of 
the common Clock. When either or both of the Output Enable Controls is high, the 
Outputs are in a high-impedance state. This feature allows the HC173 to be used in 


D SUFFIX 
bus-oriented systems. The Reset feature is asynchronous and active-high. 


SOIC 





: ; ; , MC74HCXXXN Plastic 
In Compliance with the Requirements Defined by JEDEC Standard No. 7A MCBAHCXXXJ Garam 


MC74HCXXXD SOIC 


@ Output Drive Capability: 15 LSTTL Loads CASE 751B-03 
@ Outputs Directly Interface to CMOS, NMOS, and TTL 

@ Operating Voltage Range: 2 to 6 V | 

@ Low Input Current: 1 pA . ORDERING INFORMATION 

@ High Noise Immunity Characteristic of CMOS Devices 

@ 

, 


Chip Complexity: 208 FETs or 52 Equivalent Gates 


LOGIC DIAGRAM Ta = —55° to 125°C for all packages. 
Dimensions in Chapter 6. 









Q1 3-State 
vale Noninverting 
mene Q2 | outputs PIN ASSIGNMENT 
Q3 . 
Data- | DEI—S0 
Enables DE2 9 
Reset 
Output OE1 
Enables } OE2 
Vec=Pin 16 - _ FUNCTION TABLE 
Output ) 
Enables Data Enables} pata 
TOET 0&2 | Reset|ciock| DET DE?” 





H L 
no change 
no change 
no change 
no change 
L 
H 
no change 
high impedance 
high impedance 
high impedance 
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MAXIMUM RATINGS* 


lin [DC input Curent, poring 
[tour [BC Output Curent, porn SSCSC~CSC | 


Power Dissipation in Still Air, Plastic or Ceramic DIPT 750 mw 
SOIC Packaget 500 


Storage Temperature —65 to +150 
TL 


Lead Temperature, 1 mm from Case for 10 Seconds ec 
260 
300 


(Plastic DIP or SOIC Package) 
(Ceramic DIP) 
* Maximum Ratings are those values beyond which damage to the device may occur. 
Functional operation should be restricted to the Recommended Operating Conditions. 
tDerating — Plastic DIP: — 10 mW/°C from 65° to 125°C 
Ceramic DIP: — 10 mW/°C from 100° to 125°C 
SOIC Package: —7 mW/°C from 65° to 125°C 
For high frequency or heavy load considerations, see Chapter 4. 






This device contains protection 
circuitry to guard against damage 
due to high static voltages or electric 
fields. However, precautions must 
be taken to avoid applications of any 
voltage higher than maximum rated 
voltages to this high-impedance 





[Unit 






circuit. For proper operation, Vip and 
Vout should be constrained to the 
range GND S(Vin or Vout) S Vcc. 

Unused inputs must always be tied 
to an appropriate logic voltage level 
{e.g., either GND or Vcc}. Unused 
outputs must be left open. 



















RECOMMENDED OPERATING CONDITIONS 


symbol] ——=SsParameter—SSSSC*dYCMin “| Max | Unity 
veg [BC Supply Votage eterenced io GND) ——~—C~; | eo | 
VinVout | DC Input Voltage, Output Vokage (Referenced to GND) | 0 | Voc | V__ 
[Ta [Operating Temperature, All Package Types «|= 88 | +1a5| °c 


tr, te | Input Rise and Fall Time 1000 
(Figure 1) Vcc =4.5 V 500 
400 



















DC ELECTRICAL CHARACTERISTICS (Voltages Referenced to GND) 


ViH. 
lout! $20 nA 


Minimum High-Level Input 
VOL 
4.5 0.1 
6.0 0.1 
Vin = Vin or Vit llout| $6.0 mA 0.26 0.33 0.40 
lIout| <=7.8mA 0.26 0.33 0.40 


Test Conditions 





Vout=0.1 V or Voc -0.1 V 
Hlout| $20 nA 





















Maximum Low-Level Input 
Voltage 


Vout=0.1 V or Voc -0.1 V 
Houtl $20 pA 
















Minimum High-Level Output 
Voltage 


Vin = Vin or VIL 
loutl $20 nA 


2.0 1.9 1.9 1.9 Vv 
4.5 4.4 4.4 4.4 
6.0 5.9 5.9 5.9 
Vin= Vin or VIL lout] <6.0 mA 3.98 3.84 3.70 
llout|-$7-8 mA 5.48 5.34 5.20 
tl ‘ : tet” 

















Maximum Low-Level Output 
Voltage 






Voltage 
| tin _ | Maximum Input Leakage Current | Vin= Vcc or GND 


Maximum Three-State Leakage | Output in High-impedance State +0.5 +5.0 ~ + 10.0 pA 
Current Vin = VIL or VIH 
Vout=Vcc or GND 
lec Maximum Quiescent Supply Vin=Vec or GND pA 
Current (per Package) lout =9 pA 


NOTE: Information on typical parametric values can be found in Chapter 4. 
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MC54/74HC173 


AC ELECTRICAL CHARACTERISTICS (Cc; =50 pF, Input t;=t¢=6 ns) 


7 | Guaranteed Limit Limit_ 
Symbol Parameter 
Sadied <125°C 
Tian Maximum Clock Frequency (50% Duty Cycle) 2.0 a “ 
(Figures 1 and 5) 4.5 a 
6.0 28 
tp_H, | Maximum Propagation Delay, Clock to Q 2.0 175 220 265 
tPHL (Figures 1 and 5) 4.5 35 44 = 
6.0 30 37 
tpHL | Maximum Propagation Delay, Reset to Q 2.0 150 190 oe 
(Figures 2 and 5) 4.5 30 38 
6.0 26 33 
tp_z, | Maximum Propagation Delay, Output Enable to 0 : 190 
tpHZ — (Figures 3 and 6) . 30 ae 
: 33 38 
tpz_, | Maximum Propagation Delay, Output Enable to Q 2.0 150 190 225 
tPZH (Figures 3 and 6) 4.5 30 38 45 
6.0 26 33 38 
tTLH, | Maximum Output Transition Time, Any Output i 75 
tTHL (Figures 1 and 5) : 15 i: 
ames ae 
Sa Maximum Three-State Output Capacitance (Output in High-lmpedance crept 
State) 


NOTES: 
1. For propagation delays with loads other than 50 pF, see Chapter 4. - 
2. Information on typical parametric values can be found in Chapter 4. 


Power Dissipation Capacitance (Per Flip-Flop) Typical @ 25°C, Vcc =5.0 V 


Used to determine the no-load dynamic power consumption: 


Pp=Cpp Vcec4f+!cc Vcc 
For load considerations, see Chapter 4. 






















38 















TIMING REQUIREMENTS (Input t, = tr=6 ns) 


| Guaranteed Limit Limit 
Symbol Parameter ° 
| _ * [Rise | awe [=e 


Minimum Setup Time, Input D or DE to Clock 100 125 150 
(Figure 4) re 20 25 30 
i 6.0 17 21 26 


Minimum Hold Time, Clock to Input D or DE 2.0 
(Figure 4) 4.5 
6.0 

Minimum Recovery Time, Reset Inactive to Clock ° 2.0 
(Figure 2) 4.5 


Minimum Pulse Width, Clock 
(Figure 1) 


Minimum Pulse Width, Reset 
(Figure 2) 


Maximum Input Rise and Fall Times 
(Figure 1) 





NOTE: Information on typical parametric values can be found in Chapter 4. 
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PIN DESCRIPTIONS 


INPUTS 

DO, D1, D2, D3 (PINS 14, 13, 12, 11) — 4-bit data inputs. 
Data on these pins, when enabled by the Data-Enable Con- 
trols, are entered into the flip-flops on the rising edge of the 
clock. 

CLOCK (PIN 7) — Clock input. 


OUTPUTS 

Q0, Q1, Q2, Q3 (PINS 3, 4, 5, 6) — 3-state register outputs. 
During normal operation of the device, the outputs of the D 
flip-flops appear at these pins. During 3-state operation, these 
outputs assume a high-impedance state. 


CONTROL INPUTS 
RESET (PIN 15) — Asynchronous reset input. A high level 


on this pin resets all flip-flops and forces the Q outputs low, 
if they are not already in high-impedance state. 


DE1, DE2 (Pins 9, 10) — Active-low Data Enable Control 
inputs. When both Data Enable Controls are low, data at the 
D inputs are loaded into the flip-flops with the rising edge of 
the Clock input. When either or both of these controls are 
high, there is no change in the state of the flip-flops, 
regardless of any changes at the D or Clock inputs. 

OE1, OE2 (Pins 1, 2) — Output Enable Control inputs. 
When either or both of the Output Enabie Controls are high, 
the Q outputs of the device are in the high-impedance state. 
When both controls are low, the device outputs display the 

. data in the flip-flops. 


SWITCHING WAVEFORMS 


Clock 





Figure 1. 








Vcc 
Reset 
—— GND 
Q 
Vcc 
Clock 50% 
— GND 


Figure 2. 





Vcc 
Input D 
one or DE 
tPZL ‘tPLZ High 
Impedance 
VOL Clock 50% 
—- GND 
VOH 
High ; 
Impedance Figure 4. 
Figure 3. 
TEST CIRCUITS 


Test Point 





Output 


* Includes all probe and jig capacitance. 


Figure 5. 


Test Point 









Connect to Vcc when 


testing tp_z and tpz;. 
Connect to GND when 


Cy * testing tpyz and tpzy}. 


Device 
Under 
Test 


* Includes all probe and jig capacitance. 


Figure 6. 
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MC54/74HC173 


LOGIC DETAIL 


DO 14 Se 


D1 u ee 


Data 
Inputs 


D9 12 So 


11 -p 
D3 —| >o 
 &@9 
Data- DE 7: 
Enables | DE2——=© 
Reset “> 


7 
Clock iP. ; 
1 
OF1 qd > 
Output 


Enables 9 
OE2 2 ) 
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TECHNICAL DATA 





NIC54/74HC174 


Hex D Flip-Flop with 


Common Clock and Reset 4 SUFFIX 

High-Performance Silicon-Gate CMOS CASE 620-09 
The MC54/74HC174 is identical in pinout to the LS174. The device inputs are 

compatible with standard CMOS outputs; with pullup resistors, they are compatible Bren 

with LSTTL outputs. 


: ASE -06 
This device consists of six D flip-flops with common Clock and Reset inputs. Each : mee 


flip-flop is loaded with a low-to-high transition of the Clock input. Reset is asyn- 
chronous and active-low. 





D SUFFIX 
® Output Drive Capability: 10 LSTTL Loads aa SOIC 
® Outputs Directly Interface to CMOS, NMOS, and TTL m. CASE 751B-03 
@ Operating Voltage Range: 2 to 6 V 
® Low Input Current: 1 pA 
@® High Noise Immunity Characteristic of CMOS Devices ORDERING INFORMATION 
@ In Compliance with the Requirements Defined by JEDEC Standard No. 7A 
@ Chip Complexity: 162 FETs or 40.5 Equivalent Gates MC74HCXXXN Plastic 


MC54HCXXXJ Ceramic 
MC74HCXXXD SOIC 


Ta = —55° to 125°C for all packages. 
Dimensions in Chapter 6. 





PIN ASSIGNMENT 


LOGIC DIAGRAM 


Data D2 
Inputs D3 


Noninverting 
Outputs 





Clock 





Reset 


Pin 16=Vcc no change 
Pin 8= GND no change 





eR aaa ie a a Rc en ae | 
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MC54/74HC174 


MAXIMUM RATINGS* 


[symbol| —=SSPavameter—=~S~*~wtCSC*<C~«S «dC 
[Vout | DC Output Voltage (Referenced to GND) ——*«d; 08 wVec+08 | Vv 
[in [BCtmput Curent. perPin Ya | A 
[our [DC Output Current, por Pin ——SSCS~SC~dSC mk 
[Ige [BC Supply Current, Voc and GND Pins ——SS*YSCSCSBO dm 


Power Dissipation in Still Air, Plastic or Ceramic DIPT 750 mw 
SOIC Packaget 500 
Storage Temperature —65 to +150 a 


Lead Temperature, 1 mm from Case for 10 Seconds 
(Plastic DIP or SOIC Package) 
(Ceramic DIP) 


* Maximum Ratings are those values beyond which damage to the device may occur. 
Functional operation should be restricted to the Recommended Operating Conditions. 
tDerating — Plastic DIP: — 10 mW/°C from 65° to 125°C 
Ceramic DIP: — 10 mW/°C from 100° to 125°C 
SOIC Package: —7 mW/°C from 65° to 125°C 
For high frequency or heavy load considerations, see Chapter 4. 







This device contains protection 
circuitry to guard against damage 
due to high static voltages or electric — 
fields. However, precautions must 

| be taken to avoid applications of any 
voltage higher than maximum rated 
voltages to this high-impedance 









circuit. For proper operation, Vip, and 
Vout should be constrained to the 
range GND S(Vjpn or Vout) S$ Vcc: 

Unused inputs must always be tied 
to an appropriate logic voltage level 
(e.g., either GND or Vcc). Unused 
outputs must be left open. 










RECOMMENDED OPERATING CONDITIONS 


| Symbol | Parameter, =| (Min | Max | Unit 
[Voc [Be Supply Votage (Referenced io GND) —=~S~=~i=io | 8 | 
[VinVout [DC input Vottage, Output Votage (Referenced to GND) | 0 | Veo |v 
[Ta [Operating Temperature, All Package Types | a5 | +125 | °c 


tr, te | Input Rise and Fall Time» 
(Figure 1) 












DC ELECTRICAL CHARACTERISTICS (Voltages Referenced to GND) 


7 | Guaranteed Limit | Limit 
Symbol Parameter Test Conditions ve 
. <85°C | <125°C 


Minimum High-Level Input Vout =0.1 V or Vec—-0.1 V 
Voltage lout] $20 pA 





Maximum Low-Level Input Vout =9.1 V or Vcc —-90.1 V 
Voltage lout] $20 pA 


Minimum High-Level Output Vin = Vin or Vib 
Voltage lout] $20 pA 


Vin=VIH or Vib Nout! $4.0 mA] 4.5 3.98 3.84 3.70 
lout] <5-2 mA} 6.0 5.48 5.34 5.20 


Maximum Low-Level Output Vin= ViH or VIL 
Voltage lout! $20 pA 0. , 


Vin = Vin or Vip lout] $4.0 mA} 4.5 0.26 0.40 
{lout| $5.2 mA eae 0 0.26 0.40 
Maximum Input Leakage Current | Vin= Vcc or GND | 41.0 | pA | 


Maximum Quiescent Supply Vin=Vecc or GND 
Current (per Package) lout =0 pA 


NOTE: Information on typical parametric values can be found in Chapter 4. 
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MC54/74HC174 


AC ELECTRICAL CHARACTERISTICS (C, =50 pF, Input t, = t¢=6 ns) 


| Guaranteed Limit Limit 
Symbol Parameter 25°C to 

fmax | Maximum Clock Frequency (50% Duty Cycle) ; MHz 

(Figures 1 and 4) ae 2 Bs 

6.0 24 

tpLH, | Maximum Propagation Delay, Clock to Q 2.0 Ms 250 

tPHL (Figures 1 and 4) 4.5 50 

6.0 43 





tpH_ | Maximum Propagation Delay, Reset to Q 250 ns 
(Figures 2 and 4) “ 50 
43 






tTLH, | Maximum Output Transition Time, Any Output : 110 
tTHL (Figures 1 and 4) ; 22 
19 


NOTES: 
1. For propagation delays with loads other than 50 pF, see Chapter 4. 
2. Information on typical parametric values can be found in Chapter 4. 


Power Dissipation Capacitance (Per Flip-Flop) Typical @ 25°C, Vcc =5.0 V 


Used to determine the no-load dynamic power consumption: 





Pp =Cpp Vcc4f+Icc Vcc 
For load considerations, see Chapter 4. 





TIMING REQUIREMENTS (input t, = ts=6 ns) 


| Guaranteed Limit | Limit 
Symbol Parameter ° 
| ee | are |< 


Minimum Setup Time, Data to Clock 100 125 150 
(Figure 3) : 20 





Minimum Hold Time, Clock to Data 
(Figure 3) 


Minimum Pulse Width, Clock F 
(Figure 1) : 


Minimum Pulse Width, Reset 
(Figure 2) 


17 
Minimum Recovery Time, Reset Inactive to Clock : 
(Figure 2) : 
" 
i 
14 


Maximum Input Rise and Fall Times ; uae 
(Figure 1) : 


NOTE: Information on typical parametric values can be found in Chapter 4. 
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SWITCHING WAVEFORMS 















Vcc Vcc 
Clock Reset 
—— GND —- GND 
Q 
Q 
Vcc 
Clock 50% 
— GND 
Figure 2. 
Test Point 
Output 
: Vcc Device 
ata Under | 
GND Test T CL* 
Vcc | 
Clock 50% — 
—— GND _ * Includes all probe and jig capacitance. 
Figure 3. | Figure 4. Test Circuit 
EXPANDED LOGIC DIAGRAM 
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MOTOROLA 


a SEMICONDUCTOR 
TECHNICAL DATA 





RI, | ae 


Quad D Flip-Flop with 


Common Clock and Reset 
High-Performance Silicon-Gate CMOS 


The MC54/74HC175 is identical in pinout to the LS175. The device inputs are 


1 
compatible with standard CMOS outputs; with pullup resistors, they are compatible 
with LSTTL outputs. 


N SUFFIX 
ar PLASTIC 
CASE 648-06 
This device consists of four D flip-flops with common Reset and Clock inputs, 6 
and separate D inputs. Reset (active-low) is asynchronous and occurs when a low 1 
level is applied to the Reset input. Information at a D input is transferred to the 
corresponding Q output on the next positive-going edge of the Clock input. 


16 
1 


D SUFFIX 
ee SOIC 
CASE 7518-03 


@® Output Drive Capability: 10 LSTTL Loads 

@® Outputs Directly Interface to CMOS, NMOS, and TTL 

@ Operating Voltage Range: 2 to 6 V 
@ High Noise Immunity Characteristic of CMOS Devices 

@ In Compliance with the Requirements Defined by JEDEC Standard No. 7A MC74HCXXXN Plastic 

@ Chip Complexity: 166 FETs or 41.5 Equivalent Gates MCE es ceramic 


MC74HCXXXD SOIC 


Ta = —55° to 125°C for all packages. 
Dimensions in Chapter 6. 





PIN ASSIGNMENT 


Reset 91 @ 


LOGIC DIAGRAM 


Clock 





Inverting 
DO and 
D1 Noninverting 
Data Outputs 
Inputs D2 





Pin 16=Vcc 
Pin 8= GND 
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MC54/74HC175 


MAXIMUM RATINGS* 


[symbot| Parameter ——SS~*~*~dSCS*~<C~« «dt 
[tn [DC input Curent, eerPin | 


Power Dissipation in Still Air, Plastic or Ceramic DIPt mW 
SOIC Packaget 
Storage Temperature — 65 to. + 150 — 


Lead Temperature, 1 mm from Case for 10 Seconds 
(Plastic DIP or SOIC Package) 
(Ceramic DIP) 


*Maximum Ratings are those values beyond which damage to the device may occur. 
Functional operation should be restricted to the Recommended Operating Conditions. 
tDerating — Plastic DIP: — 10 mW/°C from 65° to 125°C 
Ceramic DIP: ~— 10 mW/°C from 100° to 125°C 
SOIC Package: —7 mW/°C from 65° to 125°C 
For high frequency or heavy load considerations, see Chapter 4. 







This device contains protection 
circuitry to guard against damage 
due to high static voltages or electric 
fields. However, precautions must 
be taken to avoid applications of any . 
voltage higher than maximum rated 
voltages to this high-impedance 









circuit. For proper operation, Vj, and 
Vout Should be constrained to the 
range GND S(Vjp, or Voyt) = Vcc. 

Unused inputs must always be tied 
to an appropriate logic voltage level 
(e.g., either GND or Vcc). Unused 
outputs must be left open. 















RECOMMENDED OPERATING CONDITIONS 


[symbot| Parameter —SSS~*wdCMn | Mae | nt 
vce BC Supply Vonage (Referenced toGND) ——~SSC*dt (| 80 |v 
iY DE rot ve, Cum vote Roweti GT| 0 [Woe |W 

pering Tenge, Al Package Tyne [85 | sts |S 


1a o0es Rise and Fall Time 
(Figure 1) 








DC ELECTRICAL CHARACTERISTICS (Voltages Referenced to GND) 









Parameter Test Conditions 





| Guaranteed Limit Limit 
25°C to : ‘ 
— ee Bae 
4.2 4.2 4.2 


0.3 0.3 
0.9 0.9 







Minimum High-Level Input 
Voltage 





Vout =9.1 V or Vcc —-0.1 V 
lout] $20 pA 

















Maximum Low-Level Input 
Voltage 






Vout =0.1 V or Vcc -0.1 V 
llout| $20 nA 








6.0 










































Minimum High-Level Output Vin = VIH or VIL. 2.0 He fee aa V 
Voltage Hout] $20 nA . : 
Vin = Vin or Vit lout! $4.0 mA 3.98 3.84 3.70 
lout] $5.2 mA 5.48 5.34 5.20 
Maximum Low-Level Output Vin= VIH or VIL V 
Voltage llout| $20 pA ; . : 
















Vin= VIH or VIL {lout| 4:0 mA 


4.5 0.26 0.33 0.40 

Hout| $5.2 mA oe 0 0.26 0.33 0.40 
— Maximum Input Leakage Current | Vin =Vcc or GND aot te | aio ak 
Maximum Quiescent Supply Vin=Vcc or GND 
Current (per Package) lout =90 vA 


NOTE: Information on typical parametric values can be found in Chapter 4. 
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MC54/74HC175 


AC ELECTRICAL CHARACTERISTICS (C; =50 pF, Input t,=t¢=6 ns) 


fmax | Maximum Clock Frequency (50% Duty Cycle) 
(Figures 1 and 4) 
Maximum Propagation Delay, Clock to Q or 
tPHL 











| Guaranteed Limit —_—| Limit 
25°C to 


MHz 





i : Bd a a 
6.0 35 28 24 




















(Figures 1 and 4) 4.5 30 38 45 


Maximum Propagation Delay, Reset to Q or Q 
(Figures 2 and 4) 









Maximum Output Transition Time, Any Output 
(Figures 1 and 4) 






NOTES: 


1. For propagation delays with loads other than 50 pF, see Chapter 4. 
2. Information on typical parametric values can be found in Chapter 4. 


Power Dissipation Capacitance (Per Flip-Flop) Typical @ 25°C, Vcc =5.0 V 


Used to determine the no-load dynamic power consumption: 


Maximum Input Capacitance 


Pp=Cpp Vecf+Icc Vcc 
For load considerations, see Chapter 4. 





TIMING REQUIREMENTS (input t, = t;=6 ns) 
















Parameter 





| Guaranteed Limit | Limit 
Tce 25°C to 
55°C =85°C = 125°C 
100 125 150 


ie 20 25 30 
21 26 





Minimum Setup Time, Data to Clock 
(Figure 3) 










Minimum Hold Time, Clock to Data 
(Figure 3) 







Minimum Recovery Time, Reset Inactive to Clock 
(Figure 2) 








Minimum Pulse Width, Clock 
(Figure 1) 








Minimum Pulse Width, Reset 
(Figure 2) 








Maximum Input Rise and Fall Times 
(Figure 1) 






NOTE: Information on typical parametric values can be found in Chapter 4. 
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SWITCHING WAVEFORMS 





Vcc 
Clock Reset 
—— GND 
Q 
Qord 
re} 
Figure 1. 
¥oc 
Clock 50% 
—— GND 
Figure 2. 


VCC 

Data 
GND 
Vcc 

Clock 
GND 





TEST CIRCUIT 





Test Point 








Output 





Device 
Under 
Test 


* Includes all probe and jig capacitance. 


Figure 4. 
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D3 


Reset 


MC54/74HC175 


EXPANDED LOGIC DIAGRAM 
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VF WV 


TF VY 


Qo 
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Q2 
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NIC54/74HC194 


J SUFFIX 


4-Bit Bidirectional 
Universal Shift Register 


High-Performance Silicon-Gate CMOS CERAMIC 
CASE 620-09 


The MC54/74HC194 is identical in pinout to the LS194 and the MC14194B metal 
gate CMOS device. The device inputs are compatible with standard CMOS outputs; 
with pull-up resistors, they are compatible with LSTTL outputs. 

This static shift register features parallel load, serial load (shift right and shift left), N SUFFIX 
hold, and reset modes of operation. These modes are tabulated in the Function PLASTIC 
Table, and further explanation can be found in the Pin Description section. CASE 648-06 


@ Output Drive Capability: 10 LSTTL Loads 

@® Outputs Directly Interface to CMOS, NMOS, and TTL 

@ Operating Voltage Range: 2 to 6 V 

@ Low Input Current: 1 pA 

@ High Noise Immunity Characteristic of CMOS Devices ORDERING INFORMATION 

@ In Compliance with the Requirements Defined by JEDEC Standard No. 7A 

@ Chip Complexity: 164 FETs or 41 Equivalent Gates - | MC74HCXXXN Plastic 

MC54HCXXXJ Ceramic 

LOGIC DIAGRAM Ta = —55° to 125°C for all packages. 


Dimensions in Chapter 6. 





Serial [SA 
Data 
Inputs Sp 
Qn | PIN ASSIGNMENT 
- Qp | Parallel 
Parallel Data 
Data Qc Outputs 
Inputs | © Qp 
D 
Clock 
Mode § S1 
5 Reset GND=Pin8 
FUNCTION TABLE 


Operating 
Qa Qs c a Mode 


Q 
fee 
a b c d | Parallel Load 
L ( 


QAn OBn Cn 
n Qcn Opn Lt 
no change Hold 
no change 
no change 


H = high level (steady state) a, b, c, d= the level of steady-state input at 
L = low level (steady state) inputs A, B, C, or D, respectively. 

X= don't care QAn. OBn, QCn, QDn= the level of Qa, Qg, 
/ = transition from low to high level. Qc, or Qp, respectively, before the most- 





recent _/ transition of the clock. 
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MAXIMUM RATINGS* 


Symbol | Parameter | Value | Unit_| 
DC Supply Voltage (Referenced to GND) —0.5 to +7.0 i ae 
DC Input Voltage (Referenced to GND) ~1.5toVect+15] Vv | 
DC Output Voltage (Referenced to GND) —0.5 to Vcc +0.5 ae 
IC 





This device contains protection 
circuitry to guard against damage 
due to high static voltages or electric 
fields. However, precautions must 
be taken to avoid applications of any 
voltage higher than maximum rated 
voltages to this high-impedance 
circuit. For proper operation, Vij and 
Vout should be constrained to the 
range GND S(Vjn or Vout) = Vcc. 

Unused inputs must always be tied 


to an appropriate logic voltage levei 
(e.g., either GND or Vcc). Unused 
outputs must be left open. 





DC Input Current, per Pin 


are DC Output Current, per Pin 25 m 
DC Supply Current, Vcc and GND Pins +50 
Po 70 


Power Dissipation in Still Air, Plastic or Ceramic DIPt | 750s] mw 
Storage Temperature — 65 to +150 


TL Lead Temperature, 1 mm from Case for 10 Seconds °C 
(Plastic DIP) 
(Ceramic DIP) 


* Maximum Ratings are those values beyond which damage to the device may occur. 
Functional operation should be restricted to the Recommended Operating Conditions. 
tDerating — Plastic DIP: — 10 mW/°C from 65° to 125°C 
Ceramic DIP: — 10 mW/°C from 100° to 125°C 
For high frequency or heavy load considerations, see Chapter 4. 


V 

V 

V 
A 
A 
A 
C 
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RECOMMENDED OPERATING CONDITIONS 


ty, t¢ | Input Rise and Fall Time 


Parameter 


(Figure 1) 
Symbol 


Minimum High-Level Input 
Voltage 


Maximum Low-Level Input 
Voltage 


Maximum Low-Level Output 
Voltage 


Test Conditions 


out] $20 nA 


Vout =0.1 V or Vee -0.1 V 
lout] $20 HA 


Vin=VIH or VIL 
Hout] $20 pA 


Vin = Vin or ViL 


Vin =ViH or VIL 
lout] $20 nA 


Vin= Vin or Vit 


2.0 
4.5 
6.0 


2.0 
4.5 


1.5 1.5 
3.15 3.15 
4.2 4.2 


0.3 0.3 
0.9 0.9 
1.2 1.2 


1.9 1.9 
4.4 4.4 4.4 


2.0 0.1 ; 
4.5 0.1 0.1 
6.0 0.1 0.1 





lout] 4.0 mA 0.26 0.33 0.40 
Hout] <5.2 mA 0.26 0.33 0.40 
Maximum Input Leakage Current | Vin =Vcc or GND 


Maximum Quiescent Supply Vin=Vcc or GND 
Current (per Package) 


lout =0 “A 
NOTE: Information on typical parametric values can be found in Chapter 4. 


V. Minimum High-Level Output 
Voltage 


IH 
VIL 
OH 
OL 
Icc 





Vv 

V 
6.0 5.9 5.9 5.9 
llout| <4-0 mA 3.98 3.84 3.70 
lout} <5-2 mA 5.48 5.34 5.20 
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AC ELECTRICAL CHARACTERISTICS (C, =50 pF, Input t=t,=6 ns) 


| Guaranteed Limit | Limit 
Symbol Parameter Yee 
=85°C < 125°C 


Maximum Clock Frequency (50% Duty Cycle) 
(Figures 1 and 4) 


Maximum Propagation Delay, Clock to Q 
(Figures 1 and 4) 


Maximum Propagation Delay, Reset to Q 
(Figures 2 and 4) 


Maximum Output Transition Time, Any Output 
(Figures 1 and 4) 





ore. 
1. For propagation delays with loads other than 50 pF, see Chapter 4. 
2. Information on typical parametric values can be found in Chapter 4. 


Power Dissipation Capacitance (Per Package) 

Used to determine the no-load dynamic power consumption: 
Pp =Cpp Vec4F+!cc Voc 

For load considerations, see Chapter 4. 





TIMING REQUIREMENTS (input t,=t¢=6 ns) _ 


| Guaranteed Limit | Limit 
Symbol Parameter ° 













Minimum Setup Time, Parallel Data Inputs to Clock 100 125 150 
(Figure 3) 20 25 30 
6.0 17 21 








Minimum Setup Time, S1 to SO to Clock 
(Figure 3) 







Minimum Setup Time, Sa or Sp to Clock 
(Figure 3) 








Minimum Hold Time, Clock to any Input (except Reset) 
(Figure 3) 








Minimum Recovery Time, Reset Inactive to Clock 
(Figure 2) 







Minimum Pulse Width, Clock 
(Figure 1) 









Minimum Pulse Width, Reset 
(Figure 2) 








Maximum Input Rise and Fall Times 
(Figure 1) 






NOTE: Information on typical parametric values can be found in Chapter 4. 
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PIN DESCRIPTIONS 


DATA INPUTS 


A, B, C, D (PINS 3, 4, 5, 6) — Parallel data inputs. 
Sa (PIN 2) — Serial-data input when using shift-right mode. 
Sp (PIN 7) — Serial-data input when using shift-left mode. 


OUTPUTS 


Qa, Qg. Qc, Ap (PINS 15, 14, 13, 12) — Parallel data 
outputs. 


CONTROL INPUTS 

CLOCK (PIN 11) — Clock input. The shift register is 
completely static, allowing Clock rates down to DC in a 
continuous or intermittent mode. 

RESET (PIN 1) — A low level applied to this pin resets all 
stages and forces all outputs low. 


SO, $1 (PINS 9, 10} — Mode-select inputs. These inputs 
control the mode of operation as described in the function 
table and below. 

Parallel Load Mode (S1=H, SO=H) — Data is loaded 
into the device with a positive transition of the Clock input. 

Shift Right Mode (S1=L, SO=H) — With a positive 
transition of the Clock input, each bit is shifted right (in the 
direction Qa toward Qp) one stage and data on the Sa Serial 
Data Input is shifted into stage A. 

Shift Left Mode (S1=H, SO=L) — With a positive 
transition of the Clock input, each bit is shifted left (in the 
direction Qp toward Qa) one stage and data on the Sp Serial 
Data Input is shifted into stage D. 

Hold Mode (S1=L, SO=L) — Outputs are held. 


SWITCHING WAVEFORMS 





'TLH tTHL 


Figure 1. 





Vcc 
Data or Mode 
GND 
Vcc 
Clock 50% 
a-— GND 
Figure 3. 





Voc 
Reset 
—— GND 
Q 
Vcc 
Clock 50% 
— GND 
Figure 2. 


Test Point 





Output 


* Includes all probe and jig capacitance. 


Figure 4. Test Circuit 
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Serial 
Data 
Input, 


t {So 





Parallel Data Outputs 


Parallel Data Inputs 


EXPANDED LOGIC DIAGRAM 





ST LY 


Clock 
Reset 





Mode 
Select 
Inputs 
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TIMING DIAGRAM 
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Select q 
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Reset | j j 
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fom 


—j_— — [toed 


| 
a 
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st _ l | 
t | ( 
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Parallel ts 1 _— 
Data I H : 
| 
Inputs H! | i { 
| Re ¢ ee | 
| | 
\ 
I 
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I 
1 
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Outputs n= i | j | | l fn l 
D t 
| 


| j_————Shift Right >| mee Left—»+-<«—— inhibit —>| 


Reset ae Reset 
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MOTOROLA 


ma SEMICONDUCTOR 
TECHNICAL DATA 





NMIC54/74HC195 


4-Bit Universal Shift Register 
High-Performance Silicon-Gate CMOS 


J SUFFIX 


The MC54/74HC195 is identical in pinout to the LS195. The device inputs are CERAMIC 
| CASE 620-09 


compatible with standard CMOS outputs; with pull-up resistors, they are compatible 
with LSTTL outputs. 
This static shift register features parallel load, serial load (shift right), hold, and 
reset modes of operation. These modes are tabulated in the Function Table, and 
further explanation can be found in the Pin Description section. N SUFFIX 


Output Drive Capability: 10 LSTTL Loads , pastime 
Outputs Directly Interface to CMOS, NMOS, and TTL 

Operating Voltage Range: 2 to 6 V 

Low Input Current: 1 pA 

High Noise Immunity Characteristic of CMOS Devices 

In Compliance with the Requirements Defined by JEDEC Standard No. 7A 
Chip Complexity: 150 FETs or 37.5 Equivalent Gates ORDERING INFORMATION 


MC74HCXXXN Plastic 
MC54HCXXXS Ceramic 


LOGIC DIAGRAM 


TA = —55° to 125°C for all packages. 
Dimensions in Chapter 6. 


Serial Data Jo 
Inputs 





A Parallel 
Parallel J p.. Data PIN ASSIGNMENT 
Data Outputs 
Inputs §— C 
“s Reset Fie 
Clock 
Serial Shift/ 
Parallel Load 
Reset - 
Pin 16=Vcc 
Pin 8= GND 
FUNCTION TABLE 


P| inputs CT utputs 
Shift/ Serial| Parallel 
Reset teas < J KIA : 1A BC DI D [A BC D| Qa Qgp Qa =P Sp Operating Mode 





X 
al 6G ASS el TTT 
a eta i Se sear 

H |_/_ X Xx fe) Retain First Stage Serial 
H x xX Reset First Stage Shift 
H x X Set First Stage 
H Toggle First Stage 

H= high level (steady state) Qao= the level of Qa before the 

L= low level (steady state) indicated steady-state input condi- 

X= don’t care tions were established. 


_/= transition from low to high level QAn, QBn, QCn= the level of Qa, 

a, b, c, d= the level of steady-state Qg, or Qc, respectively, before the 
input at inputs A, B, C, or D, most-recent _/ transition of the 
respectively. clock. 
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MAXIMUM RATINGS* 


[symboi[ SS Parameter ——SSSSC*dSCSC Ut 

[Vin [DC input Votage (Referenced to GND) | 18 to Vec+18| Vv 

[tin [OC Input Current, perin—SSYm 

on 
a 












This device contains protection 
circuitry to guard against damage 
due to high static voltages or electric 
fields. However, precautions must 
be taken to avoid applications of any 
voltage higher than maximum rated 
voltages to this high-impedance 
circuit. For proper operation, Vin and 
Vout Should be constrained to the 
range GND <(Vjn or Vout) S$ Vcc. 

Unused inputs must always be tied 
to an appropriate logic voltage level 


(e.g., either GND or Vcc). Unused 
outputs must be left open. 


CC 
Vin 
[Fo _ [Power Disspatin in Stl Air, Paste or Comic DPT] ——_7=0—— 
TL 


Lead Temperature, 1 mm from Case for 10 Seconds 
(Plastic DIP) 
(Ceramic DIP) 


* Maximum Ratings are those values beyond which damage to the device may occur. 
Functional operation should be restricted to the Recommended Operating Conditions. 
tDerating — Plastic DIP: — 10 mW/°C from 65° to 125°C 
Ceramic DIP: — 10 mW/°C from 100° to 125°C 
For high frequency or heavy load considerations, see Chapter 4. 








RECOMMENDED OPERATING CONDITIONS 


[symbot[ Parameter «din | Max | Unit | 
[Veco _[B€ Suppiy Vonage (Referenced to GND) ———~—~—S*dt(—o | | 
[Vin.Vour| DC input Votage, Output Votage (Referenced wo GND) | 0 | Veo | Vv 














tr, tf Input Rise and Fall Time 
(Figure 1) 























Guaranteed Limit 


Vcc 25°C to 
Vv _ppec | <85°C | 125°C 
1.5 


2.0 1.5 1.5 
3.15 3.15 





Test Conditions 









Vout =0.1 V or Vec—-0.1 V 
Hout| $20 pA 






Minimum High-Level Input 
Voltage 















Maximum Low-Level Input 
Voltage 


Vout =0.1 V or Voc -0.1 V 















Minimum High-Level Output 
Voltage 


Vin = VIH or VIL 
lout] S20 pA 













Hout! <4.0 mA 
llout| <5.2 mA 


Vin=VIH Or ViL 










Maximum Low-Level Output 
Voltage 


Vin = Vin OF VIL 
Hout| $20 nA 






lout! $4.0 mA 


0.26 0.33 
llout| <5.2 mA 0.26 0.33 


| lin Maximum Input Leakage Current | Vi, =Vcc or GND | 6.0 | 401 | +10 | 


Vin= ViH oF ViL 






1.0 
Icc | Maximum Quiescent Supply Vin=Vec or GND 80 
Current (per Package) 









lout =9 pA 





NOTE: Information on typical parametric values can be found in Chapter 4. 
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AC ELECTRICAL Sonne Ene ee (Cy =50 pF, Input t,=ts=6 ns) 


. 7 | Guaranteed Limit | Limit 
Symbol Parameter a 
| <85°C | <125°C 

fmax | Maximum Clock Frequency (50% Duty Cycle) MHz 

(Figures 1 and 5) : os 

: 24 

tp_y, | Maximum Propagation Delay, Clock to any Q or Qp 220 
tPHL (Figures 1 and 5) : 


tpLH, | Maximum Propagation Delay, Reset to any QO or Op 
tPHL (Figures 2 and 5) 

trLH, | Maximum Output Transition Time, Any Output 
tTHL (Figures 1 and 5) 


Maximum Input Capacitance 


NOTES: 
1. For propagation delays with loads other than 50 pF, see Chapter 4. 
2. Information on typical parametric values can be found in Chapter 4. 


Power Dissipation Capacitance (Per Package) Typical @ 25°C, Vcc =5.0 V 


Used to determine the no-load dynamic power consumption: 


Pp=Cpp Vec*F+lcec Voc 
For load considerations, see Chapter 4. 








TIMING REQUIREMENTS (input t, = tr=6 ns) 


| Guaranteed Limit Limit 
Parameter he 25°C to 
° to] 
Minimum Setup Time, A, B, C, D, J, or K to Clock . 
(Figure 3) : ne 
17 


Minimum Setup Time, Serial Shift/Parallel Load to Clock 
(Figure 4) 


Minimum Hold Time, Clock to A, B, C, D, J, or K 
(Figure 3) 


Minimum Hold Time, Clock to Serial Shift/ Parallel Load 
(Figure 4) 


Minimum Recovery Time, Reset Inactive to Clock 
(Figure 2) 


Minimum Pulse Width, Clock 
(Figure 1) 


Minimum Pulse Width, Reset 
(Figure 2) 


Maximum Input Rise and Fall Times 
(Figure 1) 





NOTE: Information on typical parametric values can be found in Chapter 4. 
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PIN DESCRIPTION 


DATA INPUTS 
A, B, C, D (PINS 4, 5, 6, 7) — Parallel data inputs. 


OUTPUTS 
Qa, Og, Qc, Ap, Ap (PINS 15, 14, 13, 12, 11) — Parallel 
data outputs. 


CONTROL INPUTS 

CLOCK (PIN 10) — Clock input. The shift register is 
completely static, allowing Clock rates down to DC in a 
continuous or intermittent mode. 

SERIAL SHIFT/PARALLEL LOAD (PIN 9) — Shift or load 
control. A low level applied to this pin allows data to be loaded 
from the parallel inputs. Data is loaded with the positive 
transition of the Clock input. A high level allows data to be 
shifted in the manner dictated by the J and K control inputs. 


RESET (PIN 1) — A low level applied to this pin resets all 
stages and forces all outputs low. 

J, K (PINS 2, 3) — Shift Control. With Serial Shift/Parallel 
Load high, J and K control the mode of operation, as illustrated 
in the Function Table. 

J=L, K=H — With a positive transition of the Clock input, 
each bit is shifted to the right (in the direction Qa toward Qp) 
one stage and stage A maintains its previous state. 

J=H, K=L — With a positive transition of the Clock input, 
each bit is shifted right (in the direction of Qa toward Qp) 
one stage and the Qa output is inverted. 

J=K=L — With a positive transition of the Clock input, 
each bit is shifted right (in the direction Qa toward Qp) one 
stage and a low is loaded into stage A. 

J=K=H — With a positive transition of the Clock input, 
each bit is shifted right (in the direction Qa toward Qp) one 
stage and a high is loaded into stage A. 


SWITCHING WAVEFORMS 














VCC 
Clock Reset 
—— GND 
Q 
Qord 
re) 
VCC 
Clock 50% 
— GND 
Figure 2. 
V V 
P ee che Serial Shift/ ze 
Rie GND Parallel Load GND 
Vec YC 
Clock 50% wich we 
— GND —— GND 
Figure 3. Figure 4. 
TEST CIRCUIT 
Test Point 





Output 


* Includes all probe and jig capacitance. 
Figure 5. 
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TIMING DIAGRAM 
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EXPANDED LOGIC DETAIL 


Serial Data Inputs 






Parallel 
Data 
Inputs 


Serial Shift/ 9 
Parallel Load 






Vcc=Pin 16 


ra 4 
cet! pola 
it ees: coe 






,} LU GND=Pin 8 
TT eee Cf nan Ee ERA Ge Aaa 
4 e ° 2 , o 
\/ V/ \/ \/ \/ 
iu 12 113 14 15 
Qp Op OG QB QA 





Parallel Data Outputs 





S6LOHVL/VSOIN 


a SEMICONDUCTOR 








MOTOROLA 
TECHNICAL DATA 


1-of-8 Decoder/Demultiplexer 


with Address Latch 
High-Performance Silicon-Gate CMOS 


The MC54/74HC237 is identical in pinout to the LS137, but has noninverting out- 
puts. The device inputs are compatible with standard CMOS outputs; with pullup 
resistors, they are compatible with LSTTL outputs. 

The HC237 decodes a three-bit Address to one-of-eight active-high outputs. The 
device has a transparent latch for storage of the Address. Two Chip Selects, one 
active-low and one active-high, are provided to facilitate the demultiplexing, cascad- 
ing, and chip-selecting functions. 

The demultiplexing function is accomplished by using the Address inputs to select 
the desired device output, and then by using one of the Chip Selects as a data 
input while holding the other one active. 

The HC237 is the noninverting version of the HC137. 


Output Drive Capability: 10 LSTTL Loads 

Outputs Directly Interface to CMOS, NMOS, and TTL 

Operating Voltage Range: 2 to 6 V 

Low Input Current: 1 pA 

High Noise Immunity Characteristic of CMOS Devices 

In Compliance with the Requirements Defined by JEDEC Standard No. 7A 
Chip Complexity: 196 FETs or 39 Equivalent Gates 


LOGIC DIAGRAM 





Ao 18 yo 
Trans- = 
Address Al 2 parent 14 Y1 
puts Latch a 
a 13 yo 
12 Active- 
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MiC54/74HC237 


J SUFFIX 
CERAMIC 
CASE 620-09 


N SUFFIX 
PLASTIC 
CASE 648-06 


D SUFFIX 
SOIc 
CASE 751B-03 


ORDERING INFORMATION 


MC74HCXXXN 


MC54HCXXXJ 
MC74HCXXXD 


Plastic 
Ceramic 
SOIC 


Ta = ~—55° to 125°C for all packages. 
Dimensions in Chapter 6. 





PIN ASSIGNMENT 






















FUNCTION TABLE 

| inputs | Outputs 
YO Y1 Y2 Y3 Y4 Y5 Y6 Y7 
9G. Ce ee i Ee, ee 
Ns SI Oe ee ie See 
LTH LILLE LJH LEE ELLELEL } 
L}H LIL LHJLEHLELELLELEL 
L}H LIL HLJLLHELELE 
Th ec c= ee 
LJ}H LJHLELJLE LE LHLEEL 
LH LJHL HILLEL ELLHELL 
Ri GLABRA OE SE, ee Se ah Ap ae 
L}H LH HH{JL LLL LLLH 
HLH tx x x 





* = Depends upon the Address previously applied 
while LE was at a low level. 
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MAXIMUM RATINGS* 


[symbol] Parameter ———SSSC*dSCSC | 
[Vee [BE Supply Vokage (Referenced io GND) ——~+t~— ost +70 |v 
[Vin D6 Input Votiage (Referenced to GND) | 18 toVog+18 | Vv 
[Vout | DC Output Voage (Referenced to GND) | 05 wo Voc+05 | Vv 
rime 
ma] 









This device contains protection 
circuitry to guard against damage 
due to high static voltages or electric 
fields. However, precautions must 
be taken to avoid applications of any 
voltage higher than maximum rated 
voltages to this high-impedance 
circuit. For proper operation, Vj, and 
Vout Should be constrained to the 
range GND <(Vin or Voyt) = Vcc. 
Unused inputs must always be tied 
to an appropriate logic voltage level 
(e.g., either GND or Vec). Unused 
outputs must be left open. 














DC Supply Current, Vcc and GND Pins | 50 | mA 


V 
V 
V 
20 mA 
25 mA 

; ig Power Dissipation in Still Air, Plastic or Ceramic DIPT 

SOIC Packaget 500 

aC 


Lead Temperature, 1 mm from Case tor 10 Seconds 
(Plastic DIP or SOIC Package) 
(Ceramic DIP) 


*Maximum Ratings are those values beyond which damage to the device may occur. 
Functional operation should be restricted to the Recommended Operating Conditions. 
tDerating — Plastic DIP: — 10 mW/°C from 65° to 125°C 
Ceramic DIP: ~10 mW/°C from 100° to 125°C 
SOIC Package: —7 mW/°C from 65° to 125°C 
For high frequency or heavy load considerations, see Chapter 4. 















Vcc 
Vin 
Icc 
Th 






RECOMMENDED OPERATING CONDITIONS 


Symbol 
DC Supply Voltage (Referenced to GND) 
DC Input Voltage, Output Voltage (Referenced to GND) 


CC 
Operating Temperature, All Package Types 
ty, ts | Input Rise and Fall Time 
(Figure 2) 








Canin | Max [Unit | 
20 [eo | v 
0 [vec | v_ 
Pas [+s [ -o 
HE 


1000 
500 
40 


Guaranteed Limit 


Vcc 
25°C to 
2.0 


1.5 1.5 1.5 











DC ELECTRICAL CHARACTERISTICS (Voltages Referenced to GND) 


Symbol Parameter 
















Test Conditions 





















VIH Minimum High-Level Input Vout =9.1 V or Vcc -90.1 V ‘ 
Voltage lout! $20 pA 4.5 3.15 3.15 3.15 
6.0 4.2 4.2 4.2 
Maximum Low-Level Input Vout =9.1 V or Vec -9.1 V 2.0 0.3 0.3 


4.5 0.9 0.9 
6.0 


2.0 
4.5 


4.4 4.4 4.4 
6.0 5.9 5.9 5.9 
3.98 3.84 3.70 
5.48 5.34 5.20 
2.0 0.1 0.1 
4.5 0.1 0.1 
6.0 0.1 0.1 
out! <4.0 mA 0.26 0.33 0.40 
out! <5.2 mA 0.26 0.33 0.40 


Icc Maximum Quiescent Supply Vin=Vcc or GND pA 
Current (per Package) lout =9 pA 


NOTE: Information on typical parametric values can be found in Chapter 4. 


Voltage Hout| =20 pA 


















Minimum High-Level Output 
Voltage 


Vin=VIH or VIL 
Hout] $20 pA 



















Vin= Vi or VIL lout] $4.0 mA 
Hout <5.2 mA 








< 


Maximum Low-Level Output 
Voltage 


Vin = VIH OF VIL 
Hout] $20 vA 






Vin=VIH oF VIL 
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AC ELECTRICAL CHARACTERISTICS (C, =50 pF, Input t,=tg=6 ns) 


tpLH | Maximum Propagation Delay, Input A to Output Y 
(Figures 1 and 6) | 
tTLH. 
tTHL 
| Cin _| 
NOTES: 


1. For propagation delays with loads other than 50 pF, see Chapter 4. 
2. Information on typical parametric values can be found in Chapter 4. 


295 


235 355 
47 59 71 
40 50 60 


185 230 280 


46 
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Vcc 
V 
2.0 















Maximum Propagation Delay, CS2 to Output Y 
(Figures 2 and 6) 
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o1 on 
=~o8 &S 


S 
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37 
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34 43 
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25 31 
00 250 
40 50 
34 43 
160 200 240 
32 40 
27 34 
50 
50 63 
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40 
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95 












[ee ) 
SIS 


Maximum Propagation Delay, CS1 to Output Y 
(Figures 3 and 6) 











Maximum Propagation Delay, Latch Enable to Output Y 
(Figures 4 and 6) 
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Maximum Output Transition Time, Any Output 
(Figures 2 and 6) 19 


16 


og 





Maximum Input Capacitance 


Power Dissipation Capacitance (Per Package) 
Used to determine the no-load dynamic power consumption: 


Pp=Cpp Vcc +Icc Voc 
For load considerations, see Chapter 4. 





TIMING REQUIREMENTS (input t, = tz=6 ns) 
Parameter 


Minimum Setup Time, Input A to Latch Enable 
(Figure 5) | 


Minimum Hold Time, Latch Enable to Input A 
(Figure 5) 


Minimum Pulse Width, Latch Enable 
(Figure 4) 


Maximum Input Rise and Fall Times 
(Figure 2) 





NOTE: Information on typical parametric values can be found in Chapter 4. 
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PIN DESCRIPTIONS 


ADDRESS INPUTS 


AO, A1, A2 (PINS 1, 2,.3) — Address inputs. These inputs, 
when the chip is enabled, determine which of the eight outputs 
is selected. 


CONTROL INPUTS 


CS1, CS2 (PINS 6, 5) — Chip select inputs. For CS1 at a 
high level and CS2 at a low level, the chip is enabled and the 


outputs follow the data inputs (Latch Enable = L). For any other — 


combination of CS1 and CS2, the outputs are at a low level. 


LATCH ENABLE (PIN 4) — Latch Enable input. A high 
level at this input latches the Address. A low level at this input 
allows the outputs to follow the Address (CS1=H and 
CS2=L). 

OUTPUTS 

Y0-Y7 (PINS 15, 14, 13, 12, 11, 10, 9, 7) — Active-high 
outputs. One of these eight outputs is selected when the chip 
is enabled (CS1=H and CS2=L) and the Address inputs | 
correspond to that particular output. The selected output is 
at a high level while all others remain at a low level. 


SWITCHING WAVEFORMS 











Vec 
InputA 
: GND 
tPLH—> 
Output Y 50% 
Figure 1. 
=~ VGG 
CS1 
GND 
Output Y 
Figure 3. 
Vcc 
Input A 
GND 
Vcc 
Latch Enable 50% 
— GND 
Figure 5. 


Output Y 





ITHL 


Figure 2. 


Vcc 
Latch 


Enabl 
nable — GND 


Output Y 





Figure 4. 


Test Point 
e 






Output 





Device 
Under 
Test 






* Includes all probe and jig capacitance. 


Figure 6. Test Circuit 
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MOTOROLA 


a SEMICONDUCTOR 
TECHNICAL DATA 





Advance Information 


J SUFFIX 
CERAMIC 
CASE 732-03 


Octal 3-State Inverting Buffer/ 


Line Driver/Line Receiver 
High-Performance Silicon-Gate CMOS 


N SUFFIX 
PLASTIC 
CASE 738-03 





The MC54/74HC240A is identical in pinout to the LS240. The device inputs 


NiC54/74HC240A 
are compatible with standard CMOS outputs; with pullup resistors, they are 


20 | 
20 , : 
1 ‘ 
compatible with LSTTL outputs. 


This octal noninverting buffer/line driver/line receiver is designed to be oN’ 
used with 3-state memory address drivers, clock drivers, and other sub- 
oriented systems. The device has inverting outputs and two active-low output 


DW SUFFIX 
SOIC 
CASE 751D-03 





; } 





enables. 
The HC240A is similar in function to the HC241A and HC244A. ORDERING INFORMATION 
@ Output Drive Capability: 15 LSTTL Loads MC74HCXXXAN Plastic 
@ Outputs Directly Interface to CMOS, NMOS, and TTL MC54HCXXXAJ Ceramic 
@ Operating Voltage Range: 2 to 6 V MC74HCXXXADW_ SOIC 
@ Low Input Current: 1 pA 
@ High Noise Immunity Characteristic of CMOS Devices TA = —55° to 125°C for all packages. 
@ in Compliance with the Requirements Defined by JEDEC Standard No. 7A Dimensions in Chapter 6. 
@ Chip Complexity: 120 FETs or 30 Equivalent Gates 


LOGIC DIAGRAM PIN ASSIGNMENT 


ENABLE Aj] 1 @ 
: YA1 


a — a: 18 ya2 
Aa So us yA3 


12 


> 
—s 
RO 
e 


o 


YA4 
DATA INVERTING 


INPUTS OUTPUTS 
11 a N 9 
Pe: BI 
p2 —3 Ps ] yp2 


Enable A, 

KA 
L 
L 
H 


1 
ourpuT J} ENABLE A i PIN 20=Vec 
ENABLES f ENABLE B PIN 10 = GND 


> 

> 
Cc 

@ 





Z= high impedance 





This document contains information on a new product. Specifications and information herein are subject to change without notice. 
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MAXIMUM RATINGS* 


| Symbol | Parameter | Value | Unit _ 
|__Vin [DC input Voltage (Referenced to GND) | “1.8 toVec+ 1.8 | V__ 
| Vour_|DC Output Voltage (Referenced to GND) | -0.5toVec+0.5 | Vv | 
[in [DC Input Curent, perPin «Ym 
| lout [DC Output Current, per Pin | 85 | mA 
| tcc [DC Supply Current, Veg and GND Pins | 75 | mA 


Power Dissipation in Still Air, Plastic or Ceramic DIPT ee mW 
SOIC Packaget 


Storage Temperature 65 to +150 a 


Lead Temperature, 1 mm from Case for 10 Seconds 
260 
300 


(Plastic DIP or SOIC Package) 
(Ceramic DIP) 
*Maximum Ratings are those values beyond which damage to the device may occur. 
Functional operation should be restricted to the Recommended Operating Conditions. 
tDerating — Plastic DIP: — 10 mW/°C from 65° to 125°C 
' Ceramic DIP: — 10 mW/°C from 100° to 125°C 
SOIC Package: —7 mW/°C from 65° to 125°C 

















This device contains protection 
circuitry to guard against damage 
due to high static voltages or electric 
fields. However, precautions must 
be taken to avoid applications of any 
voltage higher than maximum rated 
voltages to this high-impedance 


circuit. For proper operation, Vip, and 
Vout should be constrained to the 
range GND S(Vjn or Vout) S Vcc. 

Unused inputs must always be tied 
to an appropriate logic voltage level 
(e.g., either GND or Vcc). Unused 
outputs must be left open. 










RECOMMENDED OPERATING CONDITIONS 


| Symbol | Parameter | Min | Max | Unit_| 
| Vcc [DC Supply Voltage (Referencedto GND) | 2.0 (| 6.0 |v 
| Vin-Vout | DC Input Voltage, Output Voltage (Referenced to GND) | 0 | Vcc | Vv __| 
| Ta__|Operating Temperature, All Package Types | 55 | +126 | °C 


Input Rise and Fall Time 
(Figure 1) 















DC ELECTRICAL CHARACTERISTICS (Voltages Referenced to GND) 


+ | «Guaranteed Limit Limit 
Symbol Parameter uo 25°C to 
° ° 
cere | s1a"c 
Minimum High-Level Input Vout=9.1 V 
Voltage lout! $20 pA re 


Maximum Low-Level Input Vout= Vcc -0.1 V 
Voltage ltoutl $20 pA 











Test Conditions 





























Minimum High-Level Output 
Voltage 






Vin= VIL 
lout! $20 pA 


lout! $6.0 mA 
Hout| 37-8 mA 
























Maximum Low-Level Output 
Voltage 


Vin = VIH 
lloutl $20 pA 


Vin= ViH Hout] $6.0 mA 
llout|<7-8 mA 


Maximum Input Leakage Current | Vin=Vcc or GND Peo [201 [s10 [aio [a 


Maximum Three-State Leakage | Output in High-lmpedance State 77 5 +5.0 + 10.0 
Current Vin = Vit or ViH 
Icc | Maximum Quiescent Supply Vin=Vcc or GND 
Current (per Package) lout =9 vA 


Vout= Vcc or GND 
NOTE: Information on typical parametric values and high frequency or heavy load considerations can be found in Chapter 4. 
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MC54/74HC240A 


AC ELECTRICAL CHARACTERISTICS (C, =50 pF, Input t-=t,=6 ns) 


| Guaranteed Limit ——_—| Limit 
Parameter 25°C to 


tpLH, | Maximum Propagation Delay, A to YA or B to YB 100 120 
tPHL (Figures 1 and 3) is 20 24 
6.0 14 17 20 
























Maximum Propagation Delay, Output Enable to YA or YB 
(Figures 2 and 4) 


tpLz, 
tPHZ 





Maximum Propagation Delay, Output Enable to YA or YB 
(Figures 2 and 4) 


tPZL. 
tPZH 









Maximum Output Transition Time, Any Output 
(Figures 1 and 3) 






tTLH. 
tTHL 


Maximum Input Capacitance Eee 


Maximum Three-State Output Capacitance (Output in High-lmpedance 
State) 












Power Dissipation Capacitance (Per Transceiver Channel) Typical @ 25°C, Voc =5.0 V 


Used to determine the no-load dynamic power consumption: 
Pp = Cpp Vec4f + Icc Vec 32 





NOTE: For propagation delays with loads other than 50 pF, see Chapter 4. 


SWITCHING WAVEFORMS 





Voc 
DATA INPUT oye GND 
A ORB 
tPZL tPLZ HIGH 
50% IMPEDANCE 
QUTPUT OUTPUT Y ; 
YA OR YB OL 
VOH 
OUTPUT Y HIGH 
IMPEDANCE 
Figure 1 Figure 2 
TEST POINT 
















TEST POINT 

° CONNECT TO Voc WHEN 
TESTING tpyz AND tpz;. 
CONNECT TO GND WHEN 
C\* TESTING tpyz AND tpzy. 


DEVICE 
UNDER 
TEST 


DEVICE 
UNDER 
TEST 


*\Includes all probe and jig capacitance. *tncludes all probe and jig capacitance. 


Figure 3. Test Circuit Figure 4. Test Circuit 
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PIN DESCRIPTIONS 


INPUTS 

A1, A2, A3, A4, B1, B2, B3, B4 (Pins 2, 4, 6, 8, 11, 13, 
15, 17) — Data input pins. Data on these pins appear in inverted 
form on the corresponding Y outputs, when the outputs are 
enabled, 


CONTROLS 


Enable A, Enable B (Pins 1, 19) — Output enables (active- 
low). When a low level is applied to these pins, the outputs 


wy 


are enabled and the devices function as inverters. When a 
high level is applied, the outputs assume the high-impedance 
state. ? : 


OUTPUTS ; 

YA1, YA2, YA3, YA4, YB1, YB2, YB3, YB4 (Pins 18, 16, 
14, 12, 9, 7, 5, 3) — Device outputs. Depending upon the 
state of the output-enable pins, these outputs are either 
inverting outputs or high-impedance outputs. 


LOGIC DETAIL 


TO THREE OTHER 
A OR B INVERTERS 


DATA 
INPUT 
A ORB 


ENABLE A 
OR ENABLE B 






ONE OF 8 | 
INVERTERS 
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TECHNICAL DATA 


Advance Information 


Octal 3-State Inverting Buffer/ 
Line Driver/Line Receiver with 


LSTTL-Compatible Inputs 
High-Performance Silicon-Gate CMOS 


The MC54/74HCT240A is identical in pinout to: the LS240. This device may 
be used as a level converter for interfacing TTL or NMOS outputs to High- 
Speed CMOS inputs. The HCT240A is an octal inverting buffer/line driver/line 
receiver designed to be used with 3-state memory address drivers, clock driv- 
ers, and other bus-oriented systems. The device has inverting outputs and 
two active-low output enables. 

The HCT240A is the inverting version of the HCT244. See also HCT241. 


Output Drive Capability: 15 LSTTL Loads 
TTL/NMOS-Compatible Input Levels 

Outputs Directly Interface to CMOS, NMOS, and TTL 
Operating Voltage Range: 4.5 to 5.5 V 

Low Input Current: 1 uA 

In Compliance with the Requirements Defined by JEDEC Standard No. 7A 
Chip Complexity: 110 FETs or 27.5 Equivalent Gates 
Improvements over HCT240 

@ Propagation Delay Improved Approximately 20% 

e@ ICC (Commercial) — Reduced 50% 

@ ESD and Latchup Characteristics are the Same or Better 


LOGIC DIAGRAM 


M— 0 Bat 


A2 >o YA2 
igi >0 A yA3 
8 12 
A4 | >0 YA4 


INVERTING 


DATA INPUT 
si Ieee an , OUTPUTS 
BI be. o—__— ¥B1 


a PIN 20=Vec 


OUTPUT 4 ENABLE A 
ENABLE B > PIN 10=GND 


ENABLES 


= SEMICONDUCTOR [ox 


NiC54/74HCT240A 


J SUFFIX 
CERAMIC 
CASE 732-03 


N SUFFIX 
PLASTIC 
CASE 738-03 


DW SUFFIX 
SOIC 
CASE 751D-03 


ORDERING INFORMATION 
MC74HCTXXXAN Plastic 


MC54HCTXXXAJ Ceramic 
MC74HCTXXXADW SOIC 


Ta = —55° to 125°C for all packages. 
Dimensions in Chapter 6. 





PIN ASSIGNMENT 


Vec 
ENABLE B 


~- OOnm~n AD TO HPWH — 


fom] 


Z=High Impedance 
X= Don't Care 





This document contains information on a new product. Specifications and information herein are subject to change without notice. 
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MAXIMUM RATINGS* 


Symbol | Parameter =| Value =| Unit 
DC Supply Voltage (Referenced to GND) | -05to+7 | Vi | 
DC Input Voltage (Referenced to GND) —1.5 to Vec+1.5 a ae 

| 












This device contains protection 
Circuitry to guard against damage 
due to high static voltages or electric 
fields. However, precautions must 
be taken to avoid applications of any 
voltage higher than maximum rated 
voltages to this high-impedance 


Ve V 
V 

Vout | OC Output Voltage (Referenced to GND) ~0.5toVcc+0.5] °V 
DC Input Current, per Pin mA 
lout_|OC Output Current, per Pin | sa 3 
out, |OG SuipylCurtant per Ein £35 aS circuit. For proper operation, Vj, and 
' Ze mA Vout should be constrained to the 

i n i i range GND <(Vin or Vout) =Vcc. 
Unused inputs must always be tied 
oC to an appropriate logic voltage level 
; (e.g., either GND or Vcc). Unused 

‘ Cc outputs must be left open. 





Power Dissipation in Still Air, Plastic or Ceramic DIPT mW 
SOIC Packaget 500 


Storage Temperature —65 to + 150 Fc | 


750 
| Lead Temperature, 1 mm from Case for 10 Seconds 
(Plastic DIP or SOIC Package) 26 

| (Ceramic DIP) 300 

* Maximum Ratings are those values beyond which damage to the device may occur. 
Functional operation should be restricted to the Recommended Operating Conditions. 
tDerating — Plastic DIP: — 10 mW/°C from 65° to 125°C 
Ceramic DIP: — 10 mW/°C from 100° to 125°C 


SOIC Package: —7 mW/°C from 65° to 125°C 


CC 
if 

DC Supply Current, Vcc and GND Pins eee ee 
TL 









RECOMMENDED OPERATING CONDITIONS 


Symbol 


Vcc | OC Supply Voltage (Referenced to GND) 
T 
tf 









Vin Vout | OC Input Voltage, Output Voltage (Referenced to GND) 
Operating Temperature, All Package Types 
Input Rise and Fall Time (Figure 1) 


A 


i 





DC ELECTRICAL CHARACTERISTICS (Voltages Referenced to GND) 


7 
Symbol Parameter Test Conditions wae ° 
: vi | 26°C to | gsc | <125°C 
~ 55°C 

Minimum High-Level Input Vout =0.1 V or Vec—0.1 V V 
Voltage Hout! $20 pA 

Maximum Low-Level Input Vout = 9.1 V or Voc —-90.1 V 

Voltage lout] $20 pA 


VIH 
VoH | Minimum High-Level Output Vin = Vin or ViL 
Voltage lout] $20 pA 
Vin =ViH oF VIL 
lloutl<6 MA _ 


Maximum Low-Level Output Vin = VIH or VIL 

Voltage lout! =20 pA 
Vin=VIH oF VIL 
lloutl<6 mA 


ea ae Maximum Input Leakage Current | Vin=Vcc or GND | 5.5 


Maximum Three-State Leakage | Output in High-Ilmpedance State 
Current Vin= Vit or Vik 
Vout =Vcc or GND 


Aicc | Additional Quiescent Supply Vin =2.4 V, Any One Input 
Current Vin=Vecc or GND, Other Inputs 


lour=0 pA 





NOTES: 
1. Information on typical parametric values along with frequency or heavy load considerations can be found in Chapter 4. 
2. Total Supply Current=Icc + 2Alcc. 
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AC ELECTRICAL CHARACTERISTICS (Vcc =5.0 V + 10%, Cj). =50 pF, Input t, = t,=6 ns) 


Symbol Parameter 


25°C to 
tpLH. | Maximum Propagation Delay, A to YA or B to YB 20 25 30 
tPHL (Figures 1 and 3) 







tpLz, | Maximum Propagation Delay, Output Enable to YA or YB 28 35 42 
tPHZ (Figures 2 and 4) 


tpz_, | Maximum Propagation Delay, Output Enable to YA or YB 
tpZH (Figures 2 and 4) 


tTLH, | Maximum Output Transition Time, Any Output 
tTHL (Figures 7 and 3) 


Maximum Input Capacitance 


Maximum Three-State Output Capacitance (Output in High-lmpedance State) 























Power Dissipation Capacitance (Per Enabled Output) 

Used to determine the no-load dynamic power consumption: 
Pp=Cpp Vecf+icc Vcc 

For load considerations, see Chapter 4 subject listing on page 4-2. 





NOTE: 1. For propagation delays with loads other than 50 pF and information on typical parametric values and load considerations, see Chapter 4. 


SWITCHING WAVEFORMS 


































3V 
ENABLE 
INPUT =: A ORB —— GND 
A ORB < 
GND HIGH 
IMPEDANC 
OUTPUT Y : 
OUTPUT Tae ee 
YA OR YB 
90% —— VoH 
OUTPUT Y HIGH 
IMPEDANCE 
~<—'tpzH_tPHZ 
Figure 1. Figure 2. 
TEST POINT Eo 
OUTPUT CONNECT TO Vcc WHEN 
re ncick OUTPUT TESTING tp, 7 AND tpzy. 
CONNECT TO GND WHEN 
UNDER c+ UNDER * TESTING tpy7 AND t 
TEST | L TEST T a EEN EN 
*Includes all probe and jig capacitance. * Includes all probe and jig capacitance. 
Figure 3. Test Circuit Figure 4. Test Circuit 
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LOGIC DETAIL 


TO THREE OTHER 
A OR B INVERTERS 


| ONE OF 8 
INVERTERS 


INPUT 
A ORB 


OUTPUT ENABLES 
ENABLE A OR ENABLE B 
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MOTOROLA 
TECHNICAL DATA 


Advance Information 


Octal 3-State Noninverting 
Buffer/Line Driver/ 


Line Receiver 
High-Performance Silicon-Gate CMOS 


The MC54/74HC241A is identical in pinout to the LS241. The device inputs 
are compatible with standard CMOS outputs; with pullup resistors, they are 
compatible with LSTTL outputs. 

This octal noninverting buffer/line driver/line receiver is designed to be 
used with 3-state memory address drivers, clock drivers, and other sub- 
oriented systems. The device has noninverted outputs and two output ena- 
bles. Enable A is active-low and Enable B is active-high. 

The HC241A is similar in function to the HC244A and HC240A. 


Output Drive Capability: 15 LSTTL Loads 

Outputs Directly Interface to CMOS, NMOS, and TTL 

Operating Voltage Range: 2 to 6 V 

Low Input Current: 1 pA 

High Noise Immunity Characteristic of CMOS Devices 

In Compliance with the Requirements Defined by JEDEC Standard No. 7A 
Chip Complexity: 134 FETs or 33.5 Equivalent Gates 


LOGIC DIAGRAM 
a — LS XK 
a — ai 16 ya2 
a3 © pales ‘ YA3 
et eS 12" yA4 


DATA NONINVERTING 


INPUTS an 3 eS 9 ‘es OUTPUTS 


eu ll 


1 
OUTPUT oes A 


19 PIN 20=Vcc 
ENABLES | ENABLE B PIN 10=GND 





MiC54/74HC241A 


J SUFFIX 
CERAMIC 
CASE 732-03 


N SUFFIX 
PLASTIC 
CASE 738-03 


DW SUFFIX 
SOIC 
CASE 751D-03 


ORDERING INFORMATION 


MC74HCXXXAN Plastic 
MC54HCXXXAJ Ceramic 
MC74HCXXXADW_ SOIC 


Ta = —55° to 125°C for all packages. 
Dimensions in Chapter 6. 


PIN ASSIGNMENT 


ENABLE Ajj 1 @ 


FUNCTION TABLE 


Enable Enable 
Enable! a} va [Eabl]o) ve 
L L L H L L 
L H H H H H | 
H Xx Zz L x Z 


Z=high impedance 





This document contains information on a new product. Specifications and information herein are subject to change without notice. 
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MAXIMUM RATINGS* 


| Symbol | Parameter | Value | Unit_ 
oon iponcersmeren. eae 
| lout_|DC Output Current, perPin | 85 | mA 
| Icc_|DC Supply Current, Vec and GND Pins | 75 | mA 


Power Dissipation in Still Air, Plastic or Ceramic DIPt 750 mW 
SOIC Packaget 500 


rome Storage Temperature -65 to + 150 


TL Lead Temperature, 1 mm from Case for 10 Seconds ec 
260 
(Ceramic DIP) 300 


(Plastic DIP or SOIC Package) 
* Maximum Ratings are those values beyond which damage to the device may occur. 
Functional operation should be restricted to the Recommended Operating Conditions. 
tDerating — Plastic DIP: — 10 mW/°C from 65° to 125°C 
Ceramic DIP: —10 mW/°C from 100° to 125°C 
SOIC Package: —7 mW/°C frorn 65° to 125°C 









This device contains protection 
circuitry to guard against damage 
due to high static voltages or electric 
fields. However, precautions must 
be taken to avoid applications of any 
voltage higher than maximum rated 
voltages to this high-impedance 
circuit. For proper operation, Vin and 
Vout Should be constrained to the 
range GND s(Vjn or Vout) s Vcc. 
Unused inputs must always be tied 
to an appropriate logic voltage level 
(e.g., either GND or Vcc). Unused 
- outputs must be left open. 









































RECOMMENDED OPERATING CONDITIONS 


| Symbol] Parameter =| «Min | Max | Unit _| 
| Vcc [DC Supply Voltage (ReferencedtoGND) | (2.0 =| 6.0 | Vi 
|_Vin-Vout | DC Input Voltage, Output Voltage (Referenced to GND) | 0 | Vcc | V 
Operating Temperature, All Package Types | -55 | +125 | °c | 


1000 
500 
400 
DC ELECTRICAL CHARACTERISTICS (Voltages Referenced to GND) 
| Guaranteed Limit | Limit 
25°C to 




















Input Rise and Fall Time 
(Figure 1) 













Test Conditions 


Minimum High-Level Input 
Voltage 









Vout=Vec—-0.1 V 
lout] $20 pA 






















Maximum Low-Level Input 
Voltage 


Vout = 0.1 V 
lout! $20 wA 












Minimum High-Level Output 
Voltage 


Vin=VIH 
lout] $20 pA 



















lout <7.8mA 








3.98 3.84 3.70 
5.48 5.34 5.20 
0.1. 

0.1 

0.1 


Maximum Input Leakage Current | Vin =Vcc or GND 


Output in High-Impedance State +0.5 + 15, 0 + 10. 0 
Vin=ViL oF VIH 

lec Maximum Quiescent Supply Vin=Vcc or GND 

Current (per Package) lout =0 vA 


Vout= Vcc or GND 
NOTE: Information on typical parametric values along with high frequency or heavy load considerations, can be found in Chapter 4, 











Maximum Low-Level Output 
Voltage 


Vin= VIL 
llout| $20 nA 






loz | Maximum Three-State Leakage 
Current 
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AC ELECTRICAL CHARACTERISTICS (C,; =50 pF, Input t, = t¢=6 ns) 


| Guaranteed Limit | Limit 
Symbol Parameter ° 
| Es 


tpLH, | Maximum Propagation Delay, A to YA or B to YB 115 135 
tPHL (Figures 1 and 3) ic is 23 27 





6.0 15 20 23 
tpLz, | Maximum Propagation Delay, Output Enable to YA or YB | 2.0 110 140 165 
tpHZ (Figures 2 and 4) 4.5 22 28 33 
6.0 19 24 28 
tpz_, | Maximum Propagation Delay, Output Enable to YA or YB 2.0 110 140 165 ns 
tPZH (Figures 2 and 4) 4.5 2 28 33 
6.0 19 24 28 
tTLH, | Maximum Output Transition Time, Any Output 2.0 60 75 90 
tTHL (Figures 1 and 3) 4.5 12 15 18 
6.0 10 13 15 





Maximum Three-State Output Capacitance (Output in High-lmpedance (ioe ee ee ee 
State) 


Power Dissipation Capacitance (Per Transceiver Channel) Typical @ 25°C, Vcc =5.0 V 


Used to determine the no-load dynamic power consumption: 
Pp = Cpp Vcc4f + Icc Voc 34 








NOTE: For propagation delays with loads other than 50 pF and information on typical parametric values and load considerations, see Chapter 4. 


SWITCHING WAVEFORMS 


Vec 
ENABLE A 
DATA INPUT 

AORB 


GND 


Vec 
ENABLE B 
GND 


tPZL ‘PLZ HIGH 
IMPEDANCE 


OUTPUT 
YA OR YB 





QUTPUT Y 50% 
VoL 


VOH 


HIGH 
IMPEDANCE 


Figure 1 OUTPUT Y 





Figure 2 


TEST POINT 









TEST POINT 









CONNECT TO Vcc WHEN 
TESTING tp_z AND tpz,. 


DEVICE CONNECT TO GND WHEN 


UNDER 


DEVICE 
UNDER 


TEST T C,* TEST C,* TESTING tpy7 AND tpzy. 
*Includes all probe and jig capacitance. * Includes ‘all probe and jig capacitance. 
Figure 3. Test Circuit Figure 4. Test Circuit 
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PIN DESCRIPTIONS 


INPUTS 


A1, A2, A3, A4, B1, B2, B3, B4 (PINS 2, 4, 6, 8, 11, 13, 
15, 17) — Data input pins. Data on these pins appear in 
noninverted form on the corresponding Y outputs when the 
outputs are enabled. 


CONTROLS 


Enable A (PIN 1) — Output enable (active-low). When a 
low level is applied to this pin, the outputs of the ““A”’ devices 
are enabled and the devices function as noninverting buffers. 
When a high level is applied, the outputs assume the high- 
impedance state. 


Enable B (PIN 19) — Output enable (active-high). When 
a high level is applied to this pin, the outputs of the ‘’B”’ devices 
are enabled and the devices function as noninverting buffers. 
When a low level is applied, the outputs assume the high- 
impedance state. 


OUTPUTS | 
YA1, YA2, YA3, YA4, YB1, YB2, YB3, YB4 (PINS 18, 16, 


‘14, 12, 9, 7, 5, 3) — Device outputs. Depending upon the 


state of the output-enable pins, these outputs are either 
noninverting outputs or high-impedance outputs. 


LOGIC DETAIL 


TO THREE OTHER 
“A” BUFFERS 


DATA 
INPUT 


DATA 
INPUT ee O 
B 


ENABLE A : 
OUTPUT 
ENABLES 

ENABLE B oe 


TO THREE OTHER 
“B” BUFFERS 


YA 


Vec 


¥, ~~ 
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Advance Information 


Octal 3-State Noninverting 
Buffer/Line Driver/Line Receiver 


with LSTTL-Compatible Inputs 
High-Performance Silicon-Gate CMOS 


The MC54/74HCT241A is identical in pinout to the LS241. This device may 
be used as a level converter for interfacing TTL or NMOS outputs to High- 
Speed CMOS inputs. The HCT241A is an octal noninverting buffer/line driver/ 
line receiver designed to be used with 3-state memory address drivers, clock 
drivers, and other bus-oriented systems. The device has non-inverted outputs 
and two output enables. Enable A is active-low and Enable B is active-high. 

The HCT241A is similar in function to the HCT244. See also HCT240. 


Output Drive Capability: 15 LSTTL Loads 
TTL/NMOS-Compatible Input Levels 

Outputs Directly Interface to CMOS, NMOS, and TTL 
Operating Voltage Range: 4.5 to 5.5 V 

Low Input Current: 1 uA 

In Compliance with the Requirements Defined by JEDEC Standard No. 7A 
Chip Complexity: 118 FETs or 29.5 Equivalent Gates 
Improvements over HCT241 

@ Propagation Delay Improved Approximately 20% 

e ICC (Commercial) — Reduced 50% 

@ ESD and Latchup Characteristics are the Same or Better 


LOGIC DIAGRAM 


a — +> Bo yal 
a — ls 18 a2 
a3 — + st yas 
ian > a4 


NONINVERTING 


DATA INPUTS 
OUTPUTS 
11 9 


83 15 es 5 YB3 
sa ts 3 yea 
KK A 
1 
aio {a m0 





MC54/74HCT241A 


J SUFFIX 
CERAMIC 
CASE 732-03 


N SUFFIX 
PLASTIC 
CASE 738-03 


1 
DW SUFFIX 
20 > <a soic 
1 


CASE 751D-03 


ORDERING INFORMATION 


MC74HCTXXXAN Plastic 
MC54HCTXXXAJ Ceramic 
MC74HCTXXXADW SOIC 


Ta = —55° to 125°C for all packages. 
Dimensions in Chapter 6. . 





PIN ASSIGNMENT 


ENABLE AC] 1@ 


Z=high impedance 
X=don't care 





This document contains information on a new product. Specifications and information herein are subject to change without notice. 
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MAXIMUM RATINGS* 


i=" es aT es 
Vee [BC Supply Votage Referenced to GND) ——~=«d’s=C tO | 
Vout [DC Output Vatage (Referenced to GND) | ~05tovec+os |v] 
Tin [Cin Curent porpin | mA 
[out [BC Output Current, per Pini dm 
[leg [BC Supply Current, Vog and GND Pins fim 


Power Dissipation in Still Air, Plastic or Ceramic DIPT id mW 
SOIC Packaget | 


Storage Temperature —65 to +1 50 = 


Lead Temperature, 1 mm from Case for 10 Seconds 
(Plastic DIP or SOIC Package) 
(Ceramic DIP) 


* Maximum Ratings are those values beyond which damage to the device may occur. 
Functional operation should be restricted to the Recommended Operating Conditions. 
tDerating — Plastic DIP: - 10 mW/°C from 65° to 125°C 
Ceramic DIP: — 10 mW/°C from 100° to 125°C 
SOIC Package: —7 mW/°C from 65° to 125°C 






























This device contains protection 
circuitry to guard against damage 
due to high static voltages or electric 
fields. However, precautions must 
be taken to avoid applications of any 
voltage higher than maximum rated 
voltages to. this high-impedance 
circuit. For proper operation, Vjn and 
Vout Should be constrained to the 
range GND S(Vjn or Vout) Vcc. 
Unused inputs must always be tied 
to an appropriate logic voltage level 
(e.g., either GND or Vcc). Unused 
outputs must be left open. , 






RECOMMENDED OPERATING CONDITIONS 


| Symboi| ____—Parameter | Min | Max | Unit _| 
| Vcc [DC Supply Voltage (Referenced toGND) | 45 | 85 | Vv | 
| Vin-Vour [DC Input Voltage, Output Voltage (Referenced to GND) |_0__| vec | Vv __| 
|__Ta [Operating Temperature, All Package Types | = 85 | +125 | °C 
Input Rise and Fall Time (Figure 1) | 0 | 500 | ns | 



































DC ELECTRICAL CHARACTERISTICS (Voltages Referenced to GND) 
| Guaranteed Limit 
Vec 
Symbol Parameter Vv 25°C to e5°C: 
-55°C | = 
Minimum High-Level Input Vout =0.1 V or Vec-90.1 V 
Voltage [lout] $20 pA 
Maximum Low-Level Input Vout =9.1 V or Vcc -0.1 V 4.5 0.8 0.8 0.8 
Voltage lout! $20 nA 5.5 0.8 0.8 0.8 
Minimum High-Level Output Vin = VIH or VIL 4.4 
Voltage lout] S20 pA 5.4 
Vin=VIH oF ViL 
lloutl=6 mA 3.7 
a 
llout| $20 vA 
Vin = ViH or ViL | 
lloutl=6 MA 


SR a Ae aa) SOE ns 


‘Maximum Three-State Leakage {| Output in High-lmpedance State +0.5 +65. 
Current Vin=Vit or Vin ~ 
Maximum Quiescent Supply Vin=Vcc or GND 
Current (per Package) lout = 0 pA 


Vout=Vcc or GND 
Additional Quiescent Supply Vin =2.4 V, Any One Input | =—55°C | 25°C to 125°C 






Test Conditions 








Maximum Low-Level Output 
Voltage 























Current . Vin= Vcc or GND, Other Inputs ee ae 
lout =0 “A 


NOTES: 
1. Information on typical parametric values along with frequency or heavy load considerations can be found in Chapter 4. 
2. Total Supply Current=Icc+2Alcc. 
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AC ELECTRICAL CHARACTERISTICS (Vcc =5.0 V + 10%, Cy =50 pF, Input t,=tf=6 8 oe 


| Guaranteed Limit | Limit 
Symbol Parameter ° 
" “se | - 


tpLH, | Maximum Propagation Delay, A to YA or B to YB 
tPHL (Figures 1 and 3) 


tpLz, | Maximum Propagation Delay, Output Enable to YA or YB 
tPHZ (Figures 2 and 4) 


tpz_, | Maximum Propagation Delay, Output Enable to YA or YB 
tpZH (Figures 2 and 4) 
tTLH, | Maximum Output Transition Time, Any Output 
tTHL (Figures 1 and 3) 
[Maximum Input Capacitance ttt 
Maximum Three-State Output Capacitance (Output in High-Impedance State) | 1 | 6 «| 15) | lope 















Power Dissipation Capacitance (Per Enabled Output) 

Used to determine the no-load dynamic power consumption: 
Pp=Cpp Vcc4F + Icc Vec 

For load considerations, see Chapter 4 subject listing on page 4-2. 





NOTE: 1. For propagation delays with loads other than 50 pF and information on typical parametric values and load considerations, see Chapter 4. 


SWITCHING WAVEFORMS 


3V 














ENABLE A 
— GND 
INPUT Toe 

ee ENABLE B 

GND 
HIGH 

OUTPUT IMPEDANCE 

YA OR YB OUTPUT Y 10% 

— VoL 
90% ~~ YOH 





OUTPUT Y 


HIGH 
IMPEDANCE 





~i— tP7H 


Figure 1. 


'PHZ 


Figure 2. 


TEST POINT 






TEST POINT 
, CONNECT TO Vcc WHEN 


TESTING tp_z AND tpzy. 


DEVICE 
UNDER 
TEST 







* Includes all probe and jig capacitance. 


Figure 3. Test Circuit 






DEVICE 
UNDER 
TEST 





CONNECT TO GND WHEN 
cL* TESTING tpyz AND tpzy. 







*includes all probe and jig capacitance. 


Figure 4. Test Circuit 
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LOGIC DETAIL © 


TO THREE OTHER TO THREE OTHER 
“A” BUFFERS = ““B’’ BUFFERS 


TWO OF 8 BUFFERS 


r 
Wet : ie ae ee as: Se 
| Ef Eps 


INPUT =. 
B 


YA 


YB 





ENABLE A - S- , 
OUTPUT 


ENABLES 
ENABLE B >» O 
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NIiC54/74HC242 
Quad 3-State Bus Transceiver 


High-Performance Silicon-Gate CMOS 


The MC54/74HC242 is identical in pinout to the LS242. The device inputs are J SUFFIX 
compatible with standard CMOS outputs; with pullup resistors, they are com- —— CERAMIC 
patible with LSTTL outputs. CASE 632-08 

This quad bus transceiver is designed for asynchronous two-way commu- 
nications between data buses. The states of the Output Enables (A-to-B Enable 
and B-to-A Enable) determine both the direction of data flow (from A to B or 
from B to A) and the modes of the Data Ports (input, output, or high-impedance). 


@ Output Drive Capability: 15 LSTTL Loads N SUFFIX 
e@ Outputs Directly Interface to CMOS, NMOS, and TTL PLASTIC 
® Operating Voltage Range: 2 to 6 V CASE 646-06 
@ Low Input Current: 1 vA 
@ High Noise Immunity Characteristic of CMOS Devices 
@ In Compliance with the Requirements Defined by JEDEC Standard No. 7A 
@ Chip Complexity: 130 FETs or 32.5 Equivalent Gates 

ORDERING INFORMATION 


MC74HCXXXN Plastic 
MC54HCXXXJ Ceramic 


Ta = ~—55° to 125°C for all packages. 
Dimensions in Chapter 6. 





LOGIC DIAGRAM 
HC242—Inverting Outputs 


PIN ASSIGNMENT 


A-T0-B ENABLE {] 1 @ 
13 [J B-TO-A ENABLE 


A2 
A B 
DATA DATA 
PORT PORT 





NC =NO CONNECTION 





FUNCTION TABLE 


eee 


Data Port | Data Port Status | 


A-to-B B-to-A 
Enable Enable 


PIN 14=Vec | 
PIN 7=GND | 
PINS 2, 12=NO CONNECTION | 


= input, O = output, O = inverting output, 
= high impedance 


Control Inputs 





aati { A-T0-B ENABLE 
ENABLES [{ 8.70-A ENABLE 
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MAXIMUM RATINGS* 


| Symbol| Parameter | Vatue | Unit 
| Vcc [DC Supply Voltage (Referenced toGND)_—— | -0.5t0+7.0 | V 
|__Vin__|DC input Voltage (Referenced toGND)_— | = 1.5toVec+16 | Vv 
| Vout _|DC Output Voltage (Referenced toGND)_— | -0.5toVec+0.6 | Vv 
[in [OCinput Curent, perPin SS SSC*SSSC | 
|_lour_[DC Output Current, perPin | 85 | mA 
| icc [DC Supply Current, Voc and GND Pins | #75 | mA 
Se a ae Be 
Tay, Stee Tampere fe tse 

either GND or Vcc). Unused outputs 


Lead Temperature, 1 mm from Case for 10 Seconds 
260 
300 must be left open. I/O pins must be 


(Plastic DIP) 
(Ceramic DIP) 
* Maximum Ratings a are those values beyond which damage to the device may occur. connected to a properly terminated 
_ Functional operation should be restricted to the Recommended Operating Conditions. line or bus. 
tDerating — Plastic DIP: — 10 mW/°C from 65° to 125°C 
Ceramic DIP: — 10 mW/°C from 100° to 125°C 
For high frequency or heavy load considerations, see Chapter 4. 

















This device contains protection 
circuitry to guard against damage 
due to high static voltages or electric 
fields. However, precautions must 
be taken to avoid applications of any 
voltages higher than the maximum 
rated voltages to this high- 
impedance circuit. For proper 
operation, Vin and Voyt should be 
constrained to the range GND s(Vjn, 
or Vout) <=Vcc. 

Unused inputs must always be tied 
to an appropriate logic level (e.g., 






RECOMMENDED OPERATING CONDITIONS 


| Symbol | Parameter | (Min | Max | Unit _ 
| Vcc [DC Supply Voltage (ReferencedtoGND) | 20 «| 6.0 | Vv 
|_Vin-Vout | DC input Voltage, Output Voltage (Referenced to GND) _| 0 | Vcc | Vv __| 
|__ Ta _|Operating Temperature, All Package Types | 86 | +125 | °C 


tr, t¢ | Input Rise and Fall Time 
(Figure 1) 












DC ELECTRICAL CHARACTERISTICS (Voltages Referenced to GND) 


Minimum High- -Level Input 
Voltage 











Test Conditions 


| ___ Guaranteed Limit Limit 
° 






Vout=9.1 V or Voc —0.1 v 
lout] $20 pA 



















Maximum Low-Level Input 
Voltage 


Vout =9.1 V or Voc —- 0.1 V 
lout! $20 pA 











Minimum High-Level Output 
Voltage 


Vin = ViH OF VIL 
lout! $20 pA 





Hout| <6.0 mA 
Hout! =7.8mA 










Vin= Vin oF VIL 











Maximum Low-Level Output 
Voltage 


Vin = ViH oF Vit 
Hout| $20 pA 


llout| <7- oh. 0.26 0.40 


|_lin | Maximum input Leakage Current | Vin= Vcc or GND AL | ai} 


Maximum Three-State Leakage | Output in High-impedance State 70. 5 +5.0 + 10.0 
Current Vin = Vit or Vin 

Icc | Maximum Quiescent Supply Vin= Vcc or GND 

ae Current (per Package) lout =0 pA . 


Vout= Vcc or GND 
NOTE: Information on typical parametric values can be found in Chapter 4. 
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AC ELECTRICAL CHARACTERISTICS (C, =50 pF, Input t, = te =6 ns) 


Symbol 


Parameter ° 
-55°C 
tp_H, | Maximum Propagation Delay, A to B/B toA 2.0 125 150 
tPHL (Figures 1 and 3) 4.5 rs ie 
6.0 
tpLz, | Maximum Propagation Delay, Output Enable to Output A or B 2.0 - 225 
tPHz (Figures 2 and 4) 4.5 = 
6.0 a 








tpz_, | Maximum Propagation Delay, Output Enable to Output A or B 2.0 

tPZH {Figures 2 and 4) 4.5 | a Es ie 
6.0 26 33 38 

tTLH. | Maximum Output Transition Time, Any Output 2.0 60 75 90 

tTHL (Figures 1 and 3) 4.5 12 15 18 


oe ° ope 
” 





eg oe Pa eons 


ae Maximum Input Capacitance 


Maximum Three-State Output Capacitance (Output in High-Ilmpedance Sea 
State) 


NOTES: 
1. For propagation delays with loads other than 50 pF, see Chapter 4. 
2. Information on typical parametric values can be found in Chapter 4. 


Power Dissipation Capacitance (Per Transceiver) Typical @ 25°C, Vcc =5.0V 


Used to determine the no-load dynamic power consumption: 


Pp=Cpp Vcc +Icc Vec 
For load considerations, see Chapter 4. 





PIN DESCRIPTIONS 


DATA PORTS CONTROL INPUTS 

Ai, A2, A3, A4 (Pins 3, 4, 5, 6) and B1, B2, B3, B4 (Pins A-to-B Enable (Pin 1) and B-to-A Enable (Pin 13) — Data 
11, 10, 9, 8) — Data on these pins may be transferred on these Output Enables determine both the direction of 
between data buses. Depending upon the states of the Out- data flow (from A to B or from B to A) and the states of the 
put Enables, these pins may be inputs, outputs, or open cir- outputs (standard or high impedance), according to the 
cuits (high-impedance). Function Table. 





a | 
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SWITCHING WAVEFORMS 








Input 
AorB 
Output 
BorA 
Figure 1. 
Vcc 
Output 
Enable GND 
High 
Output impedance 
Aor B 
; VOL 
V 
Output OH 
AorB High 
Impedance 
Figure 2. 
TEST CIRCUITS 
Test Point aon 










Connect to Vcc when 


testing tp_z and tpz2;. 
Connect to GND when 


testing tpHz and tpZyH. 


Output Output 





Device 
Under 
Test 


* Includes all probe and jig capacitance. * Includes all probe and jig capacitance. 


Figure 3. Figure 4. 
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LOGIC DETAIL HC242 


Se ee oo 


| Transceivers 
| [A 
A 


| 
| 
(1/0) | 
| 
| 


| 

| 

P} kare = 
| 

| 

| 


Vcc 
° 7 (1/0) 
in | | 
A-to-B 1 A “ 
Enable a 
1 > 
= il 
B-to-A 13 , 3 > 
Enable 
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MC54/74HC244A 





Advance Information 


Octal 3-State Noninverting 
Buffer/Line Driver/ 


Line Receiver 
High-Performance Silicon-Gate CMOS 


The MC54/74HC244<A is identical in pinout to the LS244. The device inputs 
are compatible with standard CMOS outputs; with pullup resistors, they are 
compatible with LSTTL outputs. 

This octal noninverting buffer/line driver/line receiver is designed to be 
used with 3-state memory address drivers, clock drivers, and other bus- 
oriented systems. The device has noninverting outputs and two active-low 
output enables. 

The HC244A is similar in function to the HC240A and HC241A. 


Output Drive Capability: 15 LSTTL Loads 

Outputs Directly Interface to CMOS, NMOS, and TTL 

Operating Voltage Range: 2 to 6 V 

Low Input Current: 1 vA 

High Noise Immunity Characteristic of CMOS Devices 

in Compliance with the Requirements Defined by JEDEC Standard No. 7A 
@ Chip Complexity: 136 FETs or 34 Equivalent Gates 


LOGIC DIAGRAM 
ee a 18 yan 
4 aS Laer 


DATA NONINVERTING 


INPUTS He Le 9 OUTPUTS 
BI Ss YB1 


vee a 3 yes 


1 
QUTPUT es A 


19 PIN 20=Vec 
ENABLES { ENABLE B PIN 10 = GND 


J SUFFIX 
CERAMIC 
CASE 732-03 


N SUFFIX 
PLASTIC 
CASE 738-03 


DW SUFFIX 
SOIC 
CASE 751D-03 


ORDERING INFORMATION 
MC74HCXXXAN __sCPilastic 


MCS54HCXXXAJ Ceramic 
MC74HCXXXADW_ SOIC 


Ta = —55° to 125°C for all packages. 
Dimensions in Chapter 6. 





PIN ASSIGNMENT 


ENABLE AL 
19 LE ENABLE B 


Enable A, 
Enabie B 


Z=high impedance 





This document contains information on a new product. Specifications and information herein are subject to change without notice. 
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MAXIMUM RATINGS* 


Symbol 
| Vcc | DC Supply Voltage (Referenced to GND) -0.5 to +7.0 






DC Input Voltage (Referenced to GND) —1.5 to Veco +1.5 


unit 
, 
, 






tcc | DC Supply Current, Vcc and GND Pins 


VCC 
Vin 
Icc 
Power Dissipation in Still Air, Plastic or Ceramic DIPT 750 mW 
SOIC Packaget 500 


Storage Temperature 






This device contains protection 
circuitry to guard against damage 
due to high static voltages or electric 
fields. However, precautions must 
be taken to avoid applications of any 
voltage higher than maximum rated 
voltages to this high-impedance 


circuit. For proper operation, Vj, and 
Vout Should be constrained to the 
range GND <(Vjn or Vout) = Vcc. 
Unused inputs must always be tied 
to an appropriate logic voltage level 
(e.g., either GND or Vcc). Unused 








Lead Temperature, 1 mm from Case for 10 Seconds 
(Plastic DIP or SOIC Package) 
(Ceramic DIP) 


* Maximum Ratings are those values beyond which damage to the device may occur. 
Functional operation should be restricted to the Recommended Operating Conditions. 
tDerating — Plastic DIP: — 10 mW/°C from 65° to 125°C 
Ceramic DIP: —10 mW/°C from 100° to 125°C 
SOIC Package: —7 mW/°C from 65° to 125°C 









outputs must be left open. 


RECOMMENDED OPERATING CONDITIONS 


Symbol Parameter 


DC Supply Voltage (Referenced to GND) 


DC Input Voltage, Output Voltage (Referenced to GND) fo | Veco | Vv 
Operating Temperature, All Package Types | -55 | +125] °c 


tiete 1000 ns 
500 
400 


DC ELECTRICAL CHARACTERISTICS (Voltages Referenced to GND) 
V 
2.0 











































Input Rise and Fall Time 


(Figure 1) Vcc =4.5V 






° 
1.5 1.5 1.5 












Parameter Test Conditions 





























































VIH Minimum High-Level Input Vout= Vcc —9.1 V ; : ; V 
Voltage lout] 20 pA 4.5 3.15 3.15 3.15 
6.0 4.2 4.2 4.2 
VIL Maximum Low-Level Input Vout =9.1 V 2.0 0.5 0.5 0.5 
Voltage Hout] $20 pA 4.5 1.35 1.35 1.35 
6.0 1.8 1.8 1.8 
VOH | Minimum High-Level Output Vin=VIH 2.0 1.9 1.9 1.9 
Voltage lout! $20 pA 4.5 4.4 4.4 4.4 
6.0 5.9 5.9 5.9 
llout| 6.0 mA 3.98 3.84 3.70 
Hlout| =7.8 mA 5.48 5.34 5.20 
Vot | Maximum Low-Level Output Vin= VIL 


Voltage llout| $20 pA 


2.0 0.1 V 
4.5 0.1 
6.0 0.1 
lout! $6.0 mA 0.26 0.33 0.40 
llout| <7-8 mA 0.26 0.33 0.40 






| lin [Maximum Input Leakage Current | Vin= Vcc or GND (60 | +01 | +10 | +10 | 


V 
V 
pA 
loz | Maximum Three-State Leakage +0.5 +5.0 + 10.0 pA 
Current 
Icc. | Maximum Quiescent Supply Vin=Vcc or GND pA 
Current (per Package) lout =9 vA 


NOTE: Information on typical parametric values and high frequency or heavy load considerations can be found in Chapter 4. 


Output in High-lmpedance State 
Vin= Vit oF VIH 
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AC ELECTRICAL CHARACTERISTICS (C; =50 pF, Input t,=t¢=6 ns) 


tPLH. 
tPHL 
tPLz, 
tPHZ 


Parameter 


(Figures 1 and 3) 


Maximum Propagation Delay, Output Enable to 
(Figures 2 and 4) 


tpZL, Maximum Propagation Delay, Output Enable to 
tp7H (Figures 2 and 4) 
tTLH, | Maximum Output Transition Time, Any Output 
tTHL | (Figures 1 and 3) 


Maximum Propagation Delay, A to YA or B to YB 


Vcc 
V 
2.0 


° . z 
= 
96 115 135 
18 23 27 
20° 
140 
28 
24 


140 
28 
24 


75 
15 


4.5 
6.0 


2.0 
4.5 


23 
YA or YB . 


YA or YB 


Maximum Input Capacitance a 


Cout 
State) 


Power Dissipation Capacitance (Per Buffer) 






Used to determine the no-load dynamic power consumption: 


Pp = Cpp Vcc2F + Iec Vec 





Maximum Three-State Output Capacitance (Output in High-impedance 


Typical @ 25°C, Vcc =5.0 V 


NOTE: For propagation delays with loads other than 50 pF and information on typical parametric values and load considerations, see Chapter 4. _ 


— Vcc 


DATA INPUT 
AORB 


OUTPUT 
YA OR YB 


Figure 1. 








SWITCHING WAVEFORMS 
Vec 
ENABLE 
A ORB oe 
GND 'PZL PLZ HIGH 
IMPEDANCE 
OUTPUT Y 50% 
VoL 
VOH 
OUTPUT Y saga 
IMPEDANCE 
Figure 2. 
TEST CIRCUITS 
TEST POINT 


TEST POINT 








DEVICE 
UNDER 
TEST 


' *includes all probe and jig capacitance. 


Figure 3. 









CONNECT TO Vep WHEN 
TESTING tpi7 AND tpz1. 
CONNECT TO GND WHEN 
TESTING tpyz AND tpzy. 


DEVICE 
UNDER 
TEST 


* includes all probe and jig capacitance. 


Figure 4. 
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PIN DESCRIPTIONS 


INPUTS 

A1, A2, A3, A4, B1, B2, B3, B4 (PINS 2, 4, 6, 8, 11, 13, 
15, 17) — Data input pins. Data on these pins appear in 
noninverted form on the corresponding Y outputs, when the 
outputs are enabled. 


CONTROLS 


Enable A, Enable B (PINS 1, 19) — Output enables (active- 
low). When a low level is applied to these pins, the outputs 


are enabled and the devices function as noninverting buffers. 
When a high level is applied, the outputs assume the high- 
impedance state. 


OUTPUTS 

YA1, YA2, YA3, YA4, YB1, YB2, YB3, YB4 (PINS 18, 16, 
14, 12, 9, 7, 5, 3) — Device outputs. Depending upon the 
state of the output-enable pins, these outputs are either 
noninverting outputs or high-impedance outputs. 


LOGIC DETAIL 


TO THREE OTHER 
A OR B BUFFERS 


DATA 
INPUT ——__—-| 
A ORB 


ENABLE A OR 
ENABLE B 


a Ti A | 
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MOTOROLA 


a SEMICONDUCTOR 
TECHNICAL DATA 


Advance Information 
Octal 3-State Noninverting 


Buffer/Line Driver/Line Receiver 


with LSTTL-Compatible Inputs 
High-Performance Silicon-Gate CMOS 


The MC54/74HCT244<A is identical in pinout to the LS244. This device may 
be used as a level converter for interfacing TTL or NMOS outputs to High- 
Speed CMOS inputs. The HCT244<A is an octal noninverting buffer/line driver/ 
line receiver designed to be used with 3-state memory address drivers, clock 
drivers, and other bus-oriented systems. The device has non-inverted outputs 
and two active-low output enables. 

The HCT244A is the noninverting version of the HCT240. See also HCT241. 


Output Drive Capability: 15 LSTTL Loads 
TTL/NMOS-Compatible Input Levels 

Outputs Directly Interface to CMOS, NMOS, and TTL 
Operating Voltage Range: 4.5 to 5.5 V 

Low Input Current: 1 nA 

In Compliance with the Requirements Defined by JEDEC Standard No. 7A 
Chip Complexity: 112 FETs or 28 Equivalent Gates 
Improvements over HCT244 

@ Propagation Delay Improved Approximately 20% 

@ ICC (Commercial) — Reduced 50% 

@ ESD and Latchup Characteristics are the Same or Better 


LOGIC DIAGRAM 
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J SUFFIX 
CERAMIC 
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N SUFFIX 
PLASTIC 
CASE 738-03 
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DW SUFFIX 
SOIC 
CASE 751D-03 
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ORDERING INFORMATION 













MC74HCTXXXAN 
MC54HCTXXXAJ 
MC74HCTXXXADW 


Plastic 
Ceramic 
SOIC 










Ta = —55° to 125°C for all packages. 
Dimensions in Chapter 6. 






PIN ASSIGNMENT 


ENABLE AC] 1@ 


Z= high impedance 
X=don’'t care 





This document contains information on a new product. Specifications and information herein are subject to change without notice. 


MOTOROLA HIGH-SPEED CMOS LOGIC DATA 


5-232 





wer Yer eee se 


MC54/74HCT244A 


MAXIMUM RATINGS* 


ee 
= 










This device contains protection 
circuitry to guard against damage 
due to high static voltages or electric 
fields. However, precautions must 
be taken to avoid applications of any 
voltage higher than maximum rated 
voltages to this high-impedance 


DC Input Current, per Pin 
DC Output Current, per Pin 
DC Supply Current, Vcc and GND Pins 


Power Dissipation in Still Air, Plastic or Ceramic DIPT 
SOIC Packaget 


Storage Temperature 
TL 


Lead Temperature, 1 mm from Case for 10 Seconds 
(Plastic DIP or SOIC Package) 
(Ceramic DIP) 


*Maximum Ratings are those values beyond which damage to the device may occur. 
Functional operation should be restricted to the Recommended Operating Conditions. 
tDerating — Plastic DIP: — 10 mW/°C from 65° to 125°C 
Ceramic DIP: — 10 mW/°C from 100° to 125°C 
SOIC Package: —7 mW/°C from 65° to 125°C 


circuit. For proper operation, Vip, and 
Vout Should be constrained to the 
range GND S(Vjn or Voyt) = Vcc. 

Unused inputs must always be tied 
to an appropriate logic voltage level 
(e.g., either GND or Vcc). Unused 
outputs must be left open. 


Vin 
Icc 




















RECOMMENDED OPERATING CONDITIONS 


| Symbol| Parameter | Min | Max | Unit_| 
|_Vcc |DC Supply Voltage (Referencedto GND) | 45 | 8.5 | OV 
| Vin Vout |DC input Voltage, Output Voltage (Referenced to GND) | 0 | vec | V__| 
|__Ta__|Operating Temperature, All Package Types | 86 | +125 | °C 
[|_tr ty [Input Rise and Fall Time (Figure 1) || 800 | ns 







DC ELECTRICAL CHARACTERISTICS (Voltages Referenced to GND) 











Yee 25°C to 
_ 55°C <85°C | <125°C 
Minimum High-Level Input Vout =9.1 V or Vcc -0.1 V 2 V 
Voltage Hout! $20 A 2 
V Maximum Low-Level Input Vout =0.1 V or Vec-0.1 V 0.8 0.8 0.8 Vv 
Voltage Hout] S20 pA 0.8 0.8 0.8 
™ Nietea” gs | sa | se | se | 















Symbol Parameter Test Conditions 











VIH 
IL 









Minimum High-Level Output Vin = VIH OF VIL 
Voltage lout] $20 pA 


Vin=VIH or ViL 

Houtls6 mA 3.7 
Vin = Vin or Vit 0.1 0.1 Vv 
Hout! $20 nA 0.1 0.1 

Vin =ViH oF VIL 


[| tin [Maximum input Leakage Current |Vin=VocorGND_ |S | ton | et | et | aA | 


Maximum Three-State Leakage | Output in High-impedance State 
Current Vin= Vit or Vix 
Vout= Vcc or GND 


Icc Maximum Quiescent Supply Vin=Vcc or GND 160 pA 
Current (per Package) lout =0 nA 


Alcc | Additional Quiescent Supply —_—_| Vjn =2.4 V, Any One Input 25°C to 125°C 











Maximum Low-Level Output 
Voltage 


VOL 








































Vin=Vcc or GND, Other Inputs 
lout =9 pA 2.9 2.4 


NOTES: ue 
1. Information on typical parametric values along with frequency or heavy load considerations can be found in Chapter 4. 


2. Total Supply Current=Icc + ZAlcc. 
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AC ELECTRICAL CHARACTERISTICS (Vcc =5.0 V + 10%, Cy =50 pF, Input t-=tr=6 2 


| Guaranteed Limit | Limit 
Symbol Parameter 25°C to 7 , 
_ 55°C =85°C | <125°C 

tpLH.. | Maximum Propagation Delay, A to YA or B to YB 

tPHL (Figures 1 and 3) . 

tpLz, | Maximum Propagation Delay, Output Enable to YA or YB io 

tPHz (Figures 2 and 4) 

tpz_, | Maximum Propagation Delay, Output Enable to YA or YB 22 — 28 

tPZH (Figures 2 and 4) 

tTLH, | Maximum Output Transition Time, Any Output 

tTHL (Figures 1 and 3) 
fe Cia Maximum Input Capacitance | 10) | 10 
| Maximum Three-State Output Capacitance (Output in High-Impedance State) | 1B 









Power Dissipation Capacitance (Per Enabled Output) Typical @ 25°C, Vcc = 5 V 


Used to determine the no-load dynamic power consumption: 


Pp=Cpp Vec4f+Icc Vec 
For load considerations, see Chapter 4 subject listing on page 4-2. 





NOTE: 1. For propagation delays with loads other than 50 pF and information on typical parametric values and load considerations, see Chapter 4. 


SWITCHING WAVEFORMS 


3V 
ENABLE 


wm SV A ORB 








INPUT -—— GND 


A ORB HIGH 


IMPEDANCE 


GND 









OUTPUT Y 
10 
OUTPUT * aa VoL 
YA OR YB 
90% —— OH 
OUTPUT Y 1.3 V HIGH 
IMPEDANCE 
——'tP2H tPHZ 
Figure 1. | | Figure 2. 

TEST CIRCUITS 


TEST POINT 












TEST POINT 
; CONNECT TO Voc WHEN 


TESTING tp_z AND tpzy. 
CONNECT TO GND WHEN 
ad TESTING tpyz AND tpzy. 


OUTPUT 






DEVICE 
UNDER 
TEST 


DEVICE 
UNDER 
TEST 






*Includes all probe and jig capacitance. . * Includes all probe and jig capacitance. 
Figure 3. _ Figure 4. 
Ce ae a Ta ere a ee a 
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LOGIC DETAIL 


TO THREE OTHER 
A OR B BUFFERS 


ONE OF 8 
BUFFERS 


DATA INPUT 
A OR B 


ENABLE A OR ENABLE B 
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Advance Information 


J SUFFIX 


Octal 3-State Noninverting Ar) CERAMIC 


CASE 732-03 


Bus Transceiver 
High-Performance Silicon-Gate CMOS 





N SUFFIX 
PLASTIC 

The MC54/74HC245A is identical in pinout to the LS245. The device inputs CASE 738-02 
are compatible with standard CMOS outputs; with pullup resistors, they are 
compatible with LSTTL outputs. 

The HC245A is a 3-state noninverting transceiver that is used for 2-way asynch- DW SUFFIX 
ronous communication between data buses. The device has an active-low Saas SOIC 
Output Enable pin, which is used to place the I/O ports into high-impedance igs CASE 751D-03 
states. The Direction control determines whether data flows from A to B or 
from B to A. 

The HC245A performs functions similar to those of the HC640A and the ORDERING INFORMATION 
HC643A. 

@ Output Drive Capability: 15 LSTTL Loads MC74HCXXXAN Plastic 

@ Outputs Directly Interface to CMOS, NMOS, and TTL MC54HCXXXAJ Ceramic 

@ Operating Voltage Range: 2 to 6 V MC74HCXXXADW SOIC 

@ Low Input Current: 1 pA 

@ High Noise Immunity Characteristic of CMOS Devices TA = —585° to 125°C for all packages. 
@ In Compliance with the Requirements Defined by JEDEC Standard No. 7A Dimensions in Chapter 6. 

@ Chip Complexity: 308 FETs or 77 Equivalent Gates 


PIN ASSIGNMENT 


DIRECTION 1 @ 


LOGIC DIAGRAM 















Al : UL B1 
a V7 g2 
A3 : ue B3 
A 5 15 B 
pata YM : : a Eee 
PORT AS B5 PORT 
AG d i B6 
8 12 
me ag | ean FUNETION TABLE | 
A8 B8 Control | Control Inputs _| 
Y Output 
DIRECTION — _ — Operation 
19 


OUTPUT ENABLE 





PIN 10=GND 
PIN 20-Vec 


Data Transmitted from Bus 
B to Bus A 
Data Transmitted from Bus 
A to Bus B 
Buses Isolated 
(High-Impedance State) 
'=don’t care 


This document contains information on a new product. Specifications and information herein are subject to change without notice. 





MOTOROLA HIGH-SPEED CMOS LOGIC DATA 
5-236 


— a we Se 


MC54/74HC245A 


MAXIMUM RATINGS* 


es 
vec 
vivo 
ie 


Power Dissipation in Still Air, Plastic or Ceramic DIPT 750 mW 
SOIC Packaget 500 
a 


Tstq Storage Temperature —65 to +150 


~ 
















This device contains protection 
circuitry to guard against damage 
due to high static voltages or elec- 
tric fields. However, precautions 
must be taken to avoid applica- 
tions of any voltages higher than 
the maximum rated voltages to 
this high-impedance circuit. For 
proper operation, Vjn and Vout 
should be constrained to the 
range GND < (Vip or Vout) = Vcc. 

Unused inputs must always be 
tied to an appropriate jogic ievei 
(e.g., either GND or Vcc). 
(Plastic DIP or SOIC Package) Unused outputs must be left 
(Ceramic DIP) open. I/O pins must be con- 


* Maximum Ratings are those values beyond which damage to the device may occur. nected to a properly terminated 
Functional operation should be restricted to the Recommended Operating Conditions. line or bus. 
tDerating — Plastic DIP: — 10 mW/°C from 65° to 125°C 
Ceramic DIP: — 10 mW/°C from 100° to 125°C 
SOIC Package: —-7 mW/°C from 65° to 125°C 










Lead Temperature, 1 mm from Case for 10 Seconds 






RECOMMENDED OPERATING CONDITIONS 


[symbol| Parameter —SSSS*d'CMin'”«| Max | Unit 
[Veg [DC Supply Voltage (Referenced to GND) —~SC~dtCk || 
Vin-Vout [DC Input Voltage, Output Voltage (Referenced to GND) | 0 | Voc | Vv _ 
[Ta [Operating Temperature, All Package Types «| _-e5 | +125 [ °C 


tr, t¢ | Input Rise and Fall Time 
(Figure 1) 


Minimum High-Level Input 
Voltage 



















Test Conditions 


Vout=0.1 V or Voc -0.1 V 
Nout| $20 nA 



















Maximum Low-Level Input 
Voltage 


Vout =0.1 V or Voc -0.1 V 
Noutl $20 wA 















Minimum High-Level Output 
Voltage 


Vin =ViH oF VIL 
llout| $20 nA 












lout! =6.0 mA 


Vin = Vi oF Vit 



















Maximum Low-Level Output 
Voltage 


Vin=ViH oF VIL 
llout| $20 nA 





2.0 0.1 V 
4.5 0.1 
6.0 0.1 
Vin = Vin, or Vit Hout! 36.0 mA 0.26 0.40 
llout| $7.8 mA 0.26 0.40 


Vin=VecorGND, Pintorta | 6.0 | #01 | +10 | +10 | 4A 


Output in High-lmpedance State +0.5 +5.0 + 10.0 pA 
Vin = Vit oF ViH 
Icc | Maximum Quiescent Supply Vin=Vcc or GND oe ede 
Current (per Package) lout =0 nA 


Vout= Vcc or GND, I/O Pins 
NOTE: Information on typical parametric values and high frequency or heavy load considerations can be found in Chapter 4. 









i lie Maximum Input Leakage Current 


Maximum Three-State Leakage 
Current 
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AC ELECTRICAL CHARACTERISTICS (C, =50 pF, Input t, = t¢=6 ns) 









Symbol . Parameter 


tPLH. 

tPHL 

tpLz, | Maximum Propagation Delay, Direction or Output Enable to A or B 

tPpHz (Figures 2 and 4) 
Maximum Propagation Delay, Direction or Output Enable to A or B 

tPZH 















Yee 25°C to 
: 
2.0 75 
4.5 15 
6.0 13 


Maximum Propagation Delay, A to B, B toA 
(Figures 1 and 3) 


(Figures 2 and 4) 







~ tTLH, | Maximum Output Transition Time, Any Output 2.0 60 75 
tTHL | (Figures 1 and 3) . 4.5 12 
6.0 10 


Maximum Input Capacitance (Pin 1 or Pin 19) a ae 
Maximum Three-State 1/O Capacitance (i/O in High-Impedance State) a ee ee 


Power Dissipation Capacitance (Per Transceiver Channel) Typical @ 25°C, Vcc =5.0 V 


Used to determine the no-load dynamic power consumption: 
Pp = Cpp Vec2f + Icc Vec 





NOTE: For propagation delays with loads other than 50 pF and information on typical parametric values and load considerations, see Chapter 4. 
















SWITCHING WAVEFORMS 
Vec 
INPUT — “ce GND 
AOR B 
GND 
V 
OUTPUT ce 
OUTPUT ENABLE — GND 
mores BORA tPZL tPLZ HIGH 
- IMPEDANCE 
0 
| A ORB 10% — Voy 
Figure 1. 90% YOu 
A ORB 
HIGH 
IMPEDANCE 
Figure 2. 
TEST CIRCUITS 
TEST POINT TEST POINT 















CONNECT TO Vcc WHEN 
TESTING tp, 7 AND tpz;. 
CONNECT TO GND WHEN 


OUTPUT 





DEVICE 
UNDER 


DEVICE 
UNDER 


* * TESTING tpy7 AND tpzy. 
TEST CL TEST ] Cy. PHZ PZH 
-* includes all probe and jig capacitance. . *Iincludes ail probe and jig capacitance. 
Figure 3. Figure 4. 
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OUTPUT ENABLE 
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TECHNICAL DATA 


Octal 3-State Noninverting Bus 
Transceiver with LSTTL- | 


Compatible Inputs 
High-Performance Silicon-Gate CMOS 


The MC54/74HCT245 may be used as a level converter for interfacing TTL or 
NMOS outputs to High-Speed CMOS inputs. 
The HCT245 is identical in pinout to the LS245. | 
The HCT245 is a 3-state noninverting transceiver that is used for 2-way asyn- 
chronous communication between data buses. The device has an active-low Output 
Enable pin, which is used to place the I/O ports into high-impedance states. The 
Direction control determines whether data flows from A to B or from B to A. 
The HCT245 performs functions similar to those of the HCT640 and the HCT643. 
Output Drive Capability: 15 LSTTL Loads 
TTL/NMOS-Compatible Input Levels 
Outputs Directly Interface to CMOS, NMOS, and TTL ~ 
Operating Voltage Range: 4.5 to 5.5 V 
Low Input Current: 1 vA 
In Compliance with the Requirements Defined by JEDEC Standard: No. 7A 
Chip Complexity: 304 FETs or 76 Equivalent Gates 


LOGIC DIAGRAM 


ai 18 By 
a2 A? 82 
a3 18 59 
ro a4 : ‘ B4 nit 
PORT | As ps [ PORT 
ap 13 6 
are 2 a7 
ap-2 | 88 
e 
DIRECTION ~ 


OUTPUT ENABLE ~ 


PIN 10=GND 
PIN 20=Ve¢ 





NMIC54/74HCT 245 


ORDERING INFORMATION 


J SUFFIX 
CERAMIC 
CASE 732-03 





N SUFFIX 
PLASTIC 
CASE 738-03 


DW SUFFIX 
SOIC 
CASE 751D-03 


MC74HCTXXXN Plastic 
MC54HCTXXXJ Ceramic 
MC74HCTXXXDW SOIC 


Ta = —55° to 125°C for all packages. 
Dimensions in Chapter 6. 





_PIN ASSIGNMENT 


DIRECTION 1 @ 





“Sore eee TABLE 


Control | Control Inputs | 
Output 
=— Operation 


Data Transmitted from Bus 
B to Bus A 

Data Transmitted from Bus 
A to Bus B 

Buses Isolated 

(High-Impedance State) 












X= don’t care 
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MAXIMUM RATINGS* 


[-symbol| Parameter ——=SSSS~*d?SC*“‘é‘ RW S*YC 
[Vin [DC input Voltage (Referenced to GND) —~«d;~ = tovVeg+ 18 | Vv 
[Wijo [DCO Voltage (Referenced to GND) _——~—~*d;C os we +05 | Vv | 
Tin [OC input Curent perPintorta iT 2m 
[iyo [BVO Current, per Pin SSS~sS~CSa Sm 
[lee [BC Supply Current, Voc end GND Pings ——SC~dtSC*‘“‘i TS C*;m 


Power Dissipation in Still Air, Plastic or Ceramic DIPT ties mw 
SOIC Packaget 
Storage Temperature -65 to +150 — 


| Lead Temperature, 1 mm from Case for 10 Seconds 







This device contains protection 
circuitry to guard against damage 
due to high static voltages or electric 
fields. However, precautions must 
be taken to avoid applications of any 
voltages higher than the maximum 
rated voltages to this  high- 
impedance circuit. For proper 
operation, Vjn and Voyt should be 
constrained to the range GND s(Vjn, 
or Vout) = Vcc. 

Unused inputs must always be tied 
to an appropriate logic level (e.g., 
either GND or Vcc). Unused outputs 
(Plastic DIP or SOIC Package) must be left open. I/O pins must be 
(Ceramic DIP) connected to a properly terminated 
* Maximum Ratings are those values beyond which damage to the device may occur. line or bus. 

Functional operation should be restricted to the Recommended Operating Conditions. 
tDerating — Plastic DIP: — 10 mW/°C from 65° to 125°C 

Ceramic DIP: — 10 mW/°C from 100° to 125°C 
SOIC Package: ~7 mW/°C from 65° to 125°C 
For high frequency or heavy load considerations, see Chapter 4. 














RECOMMENDED OPERATING CONDITIONS 


| Symbol] Parameter | Min | Max | Unit _ 
| Vcc [DC Supply Voltage (Referencedto GND) | 48 | 85 | Vv 
| Vin-Vout | DC Input Voltage, Output Voltage (Referenced to GND) | 0 | Vcc | Vv __| 
| TA | Operating Temperature, All Package Types | 55 | +125 | °C 
| tr tt |Input Rise and Fall Time (Figure 1) || 500 | ns 

















DC ELECTRICAL CHARACTERISTICS (Voltages Referenced to GND) 


Vcc 
P t ° 
Symbol arameter 25 he 125°C 


Minimum High-Level input Vout=9.1 V or Vcc —0.1 V ake 
Voltage lout] $20 pA 
Maximum Low-Level Input Vout =0.1 V or Vcc —0.1 V 0.8 0.8 0.8 
Voltage lIout| $20 pA 0.8 0.8 0.8 
Minimum High-Level Output —_| Vin =ViH1 oF ViL ae ee 
Voltage lout! $20 pA 

Vin= Vin oF VIL 

Howe <6.0 mA 3.70 

lout 20 pA 

Vin = ViH OF VIL 

lout] =6.0 mA 


Poi Maximum Input Leakage Current | Vin =Vcc or GND, Pin 1 or 19 | 65 | +01 | +10 | +10 | pA | 






Test Conditions 












Maximum Low-Level Output 
Voltage 





















Maximum Three-State Leakage | Output in High-lmpedance State op 5 +5.0 + 10.0 
Current Vin= ViL or VIH 
Vout= Vcc or GND, I/O Pins 
Maximum Quiescent Supply Vin= Vcc or GND _ 
Current (per Package) lout =9 nA 


Additional Quiescent Supply Vin =2.4 V, Any One Input 25°C to 125°C 











Current Vin=Vcc or GND, Other Inputs Lee eae 
lout =0 wA 


NOTES: 
1. Information on typical parametric values can be found in Chapter 4. 
2. Total Supply Current=Icc + LAlcc. 
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AC ELECTRICAL CHARACTERISTICS (Vcc=5.0 V +10%, CL =50 pF, Input t)=t7=6 ns) 


Guaranteed Limit 
- 7 25°C to ‘ EE 

tpLH. | Maximum Propagation Delay, A to B or B toA 
tPHL (Figures 1-and 3) 
tp_z, | Maximum Propagation Delay, Direction or Output Enable to A or B 
tPHZ (Figures 2 and 4) 
tpz_, | Maximum Propagation Delay, Direction or Output Enable to A or B 
tpZH (Figures 2 and 4) 
tTLH. | Maximum Output Transition Time, Any Output | 
tTHL (Figures 1 and 3) 


— Sn Maximum Input Capacitance (Pin 1 or 19) | to 6| 10 6|) (10 
Maximum Three-State I/O Capacitance (/ Oin Nighy: -Impedance State) a co 


NOTES: 
1. For propagation delays with loads other than 50 pF, see Chapter 4. 
2. Information on typical parametric values can be found in Chapter 4. 


















Symbol Paranieter 
















Power Dissipation Capacitance (Per Transceiver Channel) Typical @ 26°C, Vcc =5.0 V 


Used to determine the no-load dynamic power coneinenen 


Pp=Cpp Vec*f+Icc Vcc 
For load considerations, see Chapter 4. 





















SWITCHING WAVEFORMS 
3V 
DIRECTION 
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3V 
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. Vou 
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| IMPEDANCE 
Figure 1. Figure 2. | 
TEST CIRCUITS 
TEST POINT Teele | 
. ] CONNECT TO Voc WHEN 
TESTING tp_z AND tpz,. 
ie pi CONNECT TO GND WHEN 
TEST C,* TEST c.* TESTING tpyz AND tpzy. 
* Includes all probe and jig capacitance. *\ncludes all probe and jig capacitance. 
Figure 3. Figure 4. 
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OUTPUT ENABLE 
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TECHNICAL DATA 


8-Input Data Selector/Multiplexer 


with 3-State Outputs 
High-Performance Silicon-Gate CMOS 


The MC54/74HC251 is identical in pinout to the LS251. The device inputs are 
compatible with standard CMOS outputs; with pullup resistors, they are compatible 
with LSTTL outputs. . 

This device selects one of the eight binary Data Inputs, as determined by the 
Address Inputs. The Output Enable pin must be a low level for the selected data to 
appear at the outputs. If Output Enable is high, both the Y and the Y outputs are in 
the high-impedance state. This 3-state feature allows the HC251 to be used in bus- 
oriented systems. 

The HC251 is similar in function to the HC151 which does not have 3-state 
outputs. 


Output Drive Capability: 10 LSTTL Loads 

Outputs Directly Interface to CMOS, NMOS, and TTL 

Operating Voltage Range: 2 to 6 V 

Low Input Current: 1 pA 

High Noise Immunity Characteristic of CMOS Devices . 

In Compliance with the Requirements Defined by JEDEC Standard No. 7A 
Chip Complexity: 134 FETs or 33.5 Equivalent Gates 


LOGIC DIAGRAM | 


Data D3 


inputs Data 


Outputs 






6 _ 
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Address 
Inputs 
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A2 
Output Enable : 


Pin 16=Vcc 
Pin 8=GND 








MC54/74HC251 
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ORDERING INFORMATION 


J SUFFIX 
CERAMIC 
CASE 620-09 


N SUFFIX 
PLASTIC 
CASE 648-08 


D SUFFIX 
SOIC 
CASE 751B-03 





MC74HCXXXN Plastic 
MC54HCXXXJ Ceramic 
MC74HCXXXD SOIC 


Ta = —55° to 125°C for all packages. 
Dimensions in Chapter 6. 





PIN ASSIGNMENT 
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Z= high-impedance state 
DO, 01. . .D7=the level of the respective D input 
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MAXIMUM RATINGS* 


| tin [DC input Current, perPin TTA 
| out [DC Output Current, perPin | BT mA 


Power Dissipation in Still Air, Plastic or Ceramic DIPt 750 mw 
SOIC Packaget 500 
Storage Temperature oc 


Lead Temperature, 1 mm from Case for 10 Seconds °C 
(Plastic DIP or SOIC Package) 
(Ceramic DIP) 


* Maximum Ratings are those values beyond which damage to the device may occur. 
Functional operation should be restricted to the Recommended Operating Conditions. 
tDerating — Plastic DIP: — 10 mW/°C from 65° to 125°C 
Ceramic DIP: — 10 mW/°C from 100° to 125°C 
SOIC Package: —7 mW/°C from 65° to 125°C 
For high frequency or heavy load considerations, see Chapter 4. 










This device contains protection 
circuitry to guard against damage 
due to high static voltages or electric 
fields. However, precautions must 
be taken to avoid applications of any 
voltage higher than maximum rated 
voltages to this high-impedance 







circuit. For proper operation, Vin and 
Vout should be constrained to the 
range GND S(Vjn or Voyt) =Vecc- 

Unused inputs must always be tied 
to an appropriate logic voltage level 
{e.g., either GND or Veg). Unused 
outputs must be left open. 



























RECOMMENDED OPERATING CONDITIONS 


| Symbol | Parameter, | Min 

| _Vcc [DC Supply Voltage (Referenced to GND) | 2.0 v 
Eo 
eee 








DC Input Voltage, Output Voltage (Referenced to GND) 


tr, tf 











Operating Temperature, All Package Types 









input Rise and Fall Time 
(Figure 1) 








Test Conditions 
















| Minimum High-Level input 
Voltage 


Vout =0.1 V or Vcc —0.1 V 
Hout| $20 nA 

















Vout =9.1 Vor Vcc —0.1 V 
lout] $20 nA 


Maximum Low-Level Input 
Voltage 


Vin = VIH oF ViL 
lout] $20 nA 


Minimum High-Level Output 
Voltage 



















lout! $4.0 mA 
lout! <=5.2 mA 


4.5 
6.0 
lout! $4.0 mA 0.26 0.40 
lout! $5.2 mA 0.26 0.40 


Se Maximum Input Leakage Current | Vin=Vcc or GND | 6.0 | +0.1 


Maximum Three-State Leakage | Output in High-lmpedance State al hal bol + 10.0 


Current Vin= Vit or VIH 
Vout = Vcc or GND 
Icc Maximum Quiescent Supply Vin= Vcc or GND [eae ee 
Current (per Package) lout =0 vA 


NOTE: Information on typical parametric values can be found in Chapter 4. 


Vin = Vin oF Vit 











Vin = ViH oF VIL 
Hout! $20 nA 


Maximum Low-Level Output 
Voltage 







Vin = Vik or Vit 
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AC ELECTRICAL CHARACTERISTICS (C, =50 pF, input t, = tg=6 ns) 


Symbol 
tpLH, | Maximum Propagation Delay, Input D to Output Y or Y 
tPHL (Figures 1, 2 and 5) 
tp_H, | Maximum Propagation Delay, Input A to Output Y or Y 
tPHL (Figures 3 and 5) 
tp_z, | Maximum Propagation Delay, Output Enable to Output Y 
tpHz (Figures 4 and 6) 
tpz_, | Maximum Propagation Delay, Output Enable to Output Y 
tpz7H | (Figures 4 and 6) 36 

31 


tp_z, | Maximum Propagation Delay, Output Enable to Output Y ws 220 275 : 
tpHz (Figures 4 and 6) : — «44 55 


Parameter 


el csc paw] om 


185 — 280 

37 

31 | 
Hi 


s 4 


37 47 


tpz_, | Maximum Propagation Delay, Output Enable to Output Y ; 190 
tpZzH (Figures 4 and 6) . j 38 45 
; 33 38 
tTLH, | Maximum Output Transition Time, Any Output ; 75 ns 
tTHL iPiguiee 1 and 5) ; 15 
«6. 13 


[Maximum Input Capacitance | Tt OT tt 


Sin Maximum Three-State Output Capacitance (Output in High-lmpedance 
State) 





NOTES: 
1. For propagation delays with loads other than 50 pF, see Chapter 4. 
2. Information on typical parametric values can be found in Chapter 4. 


Power Dissipation Capacitance (Per Package) 
Used to determine the no-load dynamic power consumption: 


Typical @ 25°C, Vcc =5.0 V 


Pp=Cpp Vcc4f+!cc Vcc 
For load considerations, see Chapter 4. 





PIN DESCRIPTIONS 


INPUTS 
DO, D1, ..., D7 (PINS 4, 3, 2, 1, 15, 14, 13, 12) — Data 


OUTPUT ENABLE (PIN 7) — Output Enable. This input pin 
must be at a low level for the selected data to appear at the 


inputs. Data on one of these eight binary inputs may be se- 
lected to appear on the output. 


CONTROL INPUTS 


AO, A1, A2 (PINS 11, 10, 9) — Address inputs. The data 
on these pins are the binary address of the selected input (see 
the Function Table). 


outputs. If the Output Enable pin is high, both the Y and Y 
outputs are taken to the high-impedance state. 


OUTPUTS 

Y, Y (PINS 5, 6) — Data outputs. The selected data is 
presented at these pins in both true (Y output) and comple- 
mented (Y output) forms. 


en ee 
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SWITCHING WAVEFORMS 


Input D 


Output Y 





Figure 1. Figure 2. 





















VCC 
Wie Output 
Enable 
Input A GND 
GND High 
PLH > i= Impedance 
or 
oe 50% NOL: 
Yory 2 
= VOH 
Yory 
Figure 3. High 
Impedance 
Figure 4. 
TEST CIRCUITS 
é y Connect to Vcc when 
bev; ue . Output testing tp,.z and tpz_. 
Onder eae Connect to GND when 
* nder testing t and tp7H. 
Test ii CL. Test | eke pate nee 
* Includes all probe and jig capacitance. * Includes all probe and jig capacitance. 
Figure 5. Figure 6. 
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EXPANDED LOGIC DIAGRAM 


Data 
Inputs 
Data 

Outputs 
Y 





Output 7 
Enable 
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a SEMICONDUCTOR 


~~ a one we a 


MOTOROLA 
TECHNICAL DATA 


Dual 4-Input Data Selector/ 


Multiplexer with 3-State Outputs 


High-Performance Silicon-Gate CMOS 


The MC54/74HC253 is identical in pinout to the LS253. The device inputs are 
compatible with standard CMOS outputs; with pullup resistors, they are compatible 
with LSTTL outputs. 

The Address inputs select one of four Data inputs from each multiplexer. Each 
muitiplexer has an active-iow Output Enabie controi and a three-state noninverting 
Output. 

The HC253 is similar in function to the HC153 which does not have three-state 
outputs. 


Output Drive Capability: 10 LSTTL Loads 

Outputs Directly Interface to CMOS, NMOS, and TTL 

Operating Voltage Range: 2 to 6 V 

Low Input Current: 1 pA 

High Noise Immunity Characteristic of CMOS Devices 

In Compliance with the Requirements Defined by JEDEC Standard No. 7A 
Chip Complexity: 108 FETs or 27 Equivalent Gates 


LOGIC DIAGRAM 


14 
Inputs [Al 






po,8 be LY, 
Data- 1 5 . ° 
Worda @ °,, 
Inputs ff D2, 
D352 
Output 1 
Enable a - 


Data- D1 eu 
Word b 12 
Inputs D2p 


Output 15 
Enable b | 


Pin 16= Vcc 
Pin 8= GND 





J SUFFIX 
CERAMIC 
CASE 620-09 





N SUFFIX 
PLASTIC 
CASE 648-08 





D SUFFIX 


1 
16 vil 
16 SOIC 


CASE 751B-03 





ORDERING INFORMATION 


MC74HCXXXN Plastic 
MC54HCXXXJ Ceramic 
MC74HCXXXD SOIC 


Ta = —55° to 125°C for all packages. 
Dimensions in Chapter 6. 





PIN ASSIGNMENT 





DO, D1, D2, and D3= the level of 
the respec- 
tive Data 
Inputs 


Z= high impedance 
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MAXIMUM RATINGS* 


[symboi] —~SsParameter——~SS~*~*~drSCSC*~<C*«s YC 
[Vin [DC input Votoge (Referenced te GND) | 15 wVvecrts |v _| 
[Yau [DE ouput votage ateered to GNO) | “ob evegs0s |v 
[tin [DC input Curent, perPin | 

ag] et Gr Pa 
icc [BC Supply Curent, Voc and GND Pind 


Power Brsinsten's in Still Air, Plastic or Ceramic DIPT - mw 
SOIC ae 


|Storage Temperature i Temperature —65 to +150 rt Ge | 
°C 


Lead Temperature, 1 mm from Case for 10 Seconds 
(Plastic DIP or SOIC Package) 260 
(Ceramic DIP) 300 


-*Maximum Ratings are those values beyond which damage to the device may occur. 
Functional operation should be restricted to the Recommended Operating Conditions. 
tDerating — Plastic DIP: — 10 mW/°C from 65° to 125°C 
Ceramic DIP: —10 mW/°C from 100° to 125°C 
SOIC Package: —7 mW/°C from 65° to 125°C 
For high frequency or heavy load considerations, see Chapter 4. 





























This device contains protection 
circuitry to guard against damage. 
. due to high static voltages or electric 
fields. However, precautions must. 
be taken to avoid applications of any 
voltage higher than maximum rated 
voltages to this high-impedance 
circuit. For proper operation, Vj; and 
Vout should be constrained to the 
range GND S(Vjn or Vout) = Vcc. 
Unused inputs must always be tied 
to an appropriate logic voltage level 
(e.g., either GND or Vcc). Unused 
outputs must be left open. 














RECOMMENDED OPERATING CONDITIONS 


[symbol] Parameter dCi 
Vee [De Supply Vorage (Referenced to GND) ———S—*dtC. 
[Vina DC mou Vote, stu ote (atone > GROT | 0 
Speraing Temperature, AN Packge Tyne | 85 | 5 | °c 












Input Rise and Fall Time 
(Figure 1) 


tr, — 





DC ELECTRICAL CHARACTERISTICS (Voltages Referenced to GND) 


Symbol Parameter Test Conditions 
lout] $20 pA 


_ Minimum High-Level Input Vout=0.1 V or Vec—0.1 V 
0.1 V 
= o 
Vin = VIH or VIL lout! <4. 0 mA 0. 26 0. 40 
foul s62mAy 99 0.26 0.40 


Voltage lout] $20 nA 
| lin _| Maximum input Leakage Current | Vin= Vcc or GND [sot {210 {ate [oa 


Maximum Three-State Leakage | Output in High-impedance State 763 5 +5.0 + 10.0 
Current Vin= Vit or Vin 

Icc Maximum Quiescent Supply Vin=Vcc or GND 

Current (per Package) lout =0 pA 


NOTE: Information on typical parametric values can be found in Chapter 4. 












Maximum Low-Level Input Vout =90-1 V or Vcc —-0.1 V 
Voltage lout] $20 pA 

























Minimum High-Level Output Vin=VIH or VIL 
Voltage lIout| $20 pA 4.5 4.4 4.4 4.4 
6.0 5.9 5.9 5.9 
Vin=VIH or VIL lout] 4.0 mA 3.98 3.84 3.70 
lout] $5.2 mA 5.48 5.34 5.20 
Maximum Low-Level Output Vin=VIH oF VIL 2.0 . 


Voltage 
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AC ELECTRICAL CHARACTERISTICS (C, =50 pF, Input t;=tg=6 ns) 
| Guaranteed Limit | Limit 
Parameter 25°C to ‘ 6 

tpLH, | Maximum Propagation Delay, Data to Output Y 175 
tPHL (Figures 1 and 3) ; z 35 

: 24 30 
tpLH., | Maximum Propagation Delay, Address to Output Y : 220 
tPHL (Figures 1 and 3) : 

; 30 
tpLz, | Maximum Propagation Delay, Output Enable to Y 
tPHz (Figures 2 and 4) 


tpz_, | Maximum Propagation Delay, Output Enable to Y 
tPZH (Figures 2 and 4) 

tTLH. | Maximum Output Transition Time, Any Output 
tTHL (Figures 1 and 3) 


a 


Maximum Three-State Output Capacitance (Output in High-lmpedance 
State) 





NOTES: 
1. For propagation delays with loads other than 50 pF, see Chapter 4. 
2. Information on typical parametric values can be found in Chapter 4. 


Power Dissipation Capacitance (Per Multiplexer) Typical @ 26°C, Vcc =5.0 V 


Used to determine the no-load dynamic power consumption: 


Pp=Cpp Vec*f+icc Voc 7 
For load considerations, see Chapter 4. 















SWITCHING WAVEFORMS 
V 

OUTPUT os 

ENABLE GND 

HIGH 
IMPEDANCE 

Y 

VoL 

VOH 

, us HIGH 
Figure 1. IMPEDANCE 

Figure 2. 
TEST CIRCUITS 
TEST POINT TESL CINE 









CONNECT TO Vcc WHEN 
TESTING tp_z AND tpzy. 
CONNECT TO GND WHEN 
Cy* TESTING tpyz AND tpzy. 


DEVICE 
UNDER 
TEST 


DEVICE 
UNDER 
TEST 


*Includes all probe and jig capacitance. *Includes all probe and jig capacitance. 


Figure 3. Figure 4. 
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PIN DESCRIPTIONS 


DATA INPUTS 

D0,-D3,g, D0p-D3p (PINS 3, 4, 5, 6, 10, 11, 12, 13) — Data 
inputs. When one of these pairs of inputs is selected and the 
outputs are enabled, the outputs assume the state of the 
respective inputs. 


CONTROL INPUTS 


AO, A1 (PINS 2, 14) — Address inputs. These inputs select 
the pair of Data inputs to appear at the corresponding outputs. 


OUTPUT ENABLE (PINS 1, 15) — Active-low three-state 
Output Enable. When a low level is applied to these inputs, 
the corresponding outputs are enabled. When a high level is 
applied, the outputs assume the high-impedance state. 


OUTPUTS 
Ya, Yb (PINS 7, 9) — Noninverting three-state outputs. 


LOGIC DETAIL 





Wien” 
5. 
D1 
DATA-WORD a} — 
INPUTS 
4 
D2, 
3 
D3, 
10 
DO} Ses ee HEN 
DATA-WORD b 
INPUTS , 
n2, 2 
oer co ee 
2 i” 
Al O O 
ADDRESS > > 
INPUTS 


ro So : 





OUTPUT 1 
ENABLE 


<= 
is] 
o 


aaah 


OUTPUT NONINVERTING 


OUTPUTS 


< 
oc } 
oOo 


15 
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Yb 


oi 





MOTOROLA HIGH-SPEED CMOS LOGIC DATA 


5-252 


-S ow ww 


MOTOROLA 


a SEMICONDUCTOR @ 
TECHNICAL DATA 





Quad 2-Input Data Selector/ 


Multiplexer with 3-State Outputs 
High-Performance Silicon-Gate CMOS 


The MC54/74HC257 is identical in pinout to the LS257. The device inputs are 


compatible with standard CMOS outputs; with pullup resistors, they are compatible 
with LSTTL outputs. 


This device selects a (4-bit) nibble from either the A or B inputs as determined by 
the Select input. The nibble is presented at the outputs in noninverted form when 
the Output Enable pin is at a low level. A high level on the Output Enable pin 
switches the outputs into the high-impedance state. 

The HC257 is similar in function to the HC157 which do not have 3-state outputs. 


Output Drive Capability: 15 LSTTL Loads 

Outputs Directly Interface to CMOS, NMOS, and TTL 

Operating Voltage Range: 2 to 6 V 

Low Input Current: 1 pA 

High Noise Immunity Characteristic of CMOS Devices 

In Compliance with the Requirements Defined by JEDEC Standard No. 7A 
Chip Complexity: 108 FETs or 27 Equivalent Gates 


LOGIC DIAGRAM 


AO 
NIBBLE § Al 
A INPUT } ao 
A3 
80 NONINVERTING 
NIBBLE 
NIBBLE § 81 OUTPUT 
B INPUT } po 
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SELECT 
OUTPUT 
ENABLE 
PIN 16=Vec 
PIN 8 = GND 
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J SUFFIX 
CERAMIC 
CASE 620-09 


N SUFFIX 
PLASTIC 
CASE 648-08 


D SUFFIX 
SOIC 
CASE 751B-03 


ORDERING INFORMATION 


MC74HCXXXN Plastic 
MC54HCXXXJ Ceramic 
MC74HCXXXD SOIC 


Ta = ~—55° to 125°C for all packages. 
Dimensions in Chapter 6. 





PIN ASSIGNMENT 


SELECT |] 1 @ 
LU} OUTPUT ENABLE 





FUNCTION TABLE 


| inputs | Outputs | 


Output 
ee 





H X Z 
L L A0-A3 
L H BO-B3 


X= don’t care 

Z= high-impedance state 
A0-A3,B0-B3 = the levels of the 
respective Nibble Inputs. 


MOTOROLA HIGH-SPEED CMOS LOGIC DATA 


5-253 











eS 


MC54/74H C257 


MAXIMUM RATINGS* 


Symbol | Parameter, =| = Value | Unit 
DC Supply Voltage (Referenced to GND) ~0.5 to +7.0° i Wl 
DC Input Voltage (Referenced to GND) — 1.5 to Vee +1.5 Pov | 

| 








This device contains protection 
circuitry to guard against damage 
due to high static voltages or electric 
fields. However, precautions must 
be taken to avoid applications of any 
voltage higher than maximum rated 
voltages to this high-impedance 


; : 
| fin [DC input Curent, perPin | OO 

¢ [DC Supply Current, Vcc and GND Pins | 75 | mA 
L 


20 
35 
Power Dissipation in Still Air, Plastic or Ceramic DIPt 750 mW 
SOIC Packaget 500 
260 
300 


circuit. For proper operation, Vip and 
Vout should be constrained to the 
range GND <(Vjn or Voyt) S$ Vcc: 

Unused inputs must always be tied 
to an appropriate logic voltage level 
(e.g., either GND or Vcc). Unused 
outputs must be left open. 


m 
m 
m 





V 
V 
V 
A 
A 
A 
°C 
C 





Lead Temperature, 1 mm from Case for 10 Seconds 





C 
Tsta Storage Temperature ~—65 to + 150 8G. | 
T 
(Plastic DIP or SOIC Package) 


Oo 
(Ceramic DIP) 


* Maximum Ratings are those values beyond which damage to the device may occur. 
Functional operation should be restricted to the Recommended Operating Conditions. 
tDerating — Plastic DIP: — 10 mW/°C from 65° to 125°C 
Ceramic DIP: —10 mW/°C from 100° to 125°C 
SOIC Package: —7 mW/°C from 65° to 125°C 
For high frequency or heavy load considerations, see Chapter 4. 









RECOMMENDED OPERATING CONDITIONS 


Symbol | Parameter | Min 
DC Supply Voltage (Referenced to GND) | 2.0 | 
DC Input Voltage, Output Voltage (Referenced to GND) 20. | 
Operating Temperature, All Package Types | 55 | +125 | °c | 


tr, ts | Input Rise and Fall Time 
Test Conditions ‘oc 25°C to , 7 
_ 55°C =85°C | <125°C 
2.0 1.5 1.5 1.5 


(Figure 1) 
Minimum High-Level Input Vout=9.1 V or Vcc —0.1 V ‘ : . , V 
Voltage llout| $20 pA 4.5 3.15 3.15 3.15 
6.0 4.2 4.2 4.2 






































































VIL Maximum Low-Level Input Vout=90.1 V or Vec —-0.1 V 2.0 0.3 V 
Voltage lout] $20 pA 4.5 0.9 
| 6.0 1:2 
Vou | Minimum High-Level Output Vin = VIH or VIL 2.0 1.9 1.9 1.9 V 
Voltage lout] $20 vA 4.5 4.4 4.4 4.4 
6.0 5.9 5.9 5.9 
Vin =ViH or VIL lout} $6.0 mA|{ 4.5 3.98 3.84 3.70 
lloutl 7-8 mA] 6.0 5.48 5.34 5.20 
VoL | Maximum Low-Level Output Vin =VIH or VIL 


Voltage Hout] $20 pA 






2.0 0.1 V 
4.5 0.1 
| 6.0 0.1 
Vin = Vin or VIL lout! <=6.0 mA 0.26 0.40 

llout| <7-8 mA 0.26 0.40 


__lin | Maximum input Leakage Current | Vin= Vcc or GND 


Maximum Three-State Leakage {| Output in High-lmpedance State +0.5 +5.0 + 10.0 pA 
Current Vin = ViL or VIH 
Vout=Vcc or GND 
Icc Maximum Quiescent Supply Vin=Vcc or GND pA 
| Current (per Package) lout =0 pA 


NOTE: Information on typical parametric values can be found in Chapter 4. 
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AC ELECTRICAL CHARACTERISTICS (C, =50 pF, Input t,=t,=6 ns) 





tPHL (Figures 1 and 4) 


Maximum Propagation Delay, Select to Output Y 
(Figures 2 and 4) 


(Figures 3 and 5) 






tPZL, 
tPZH 






(Figures 3 and 5) 


Maximum Output Transition Time, Any Output 
(Figures 1 and 4) 






tTLH 
tTHL 





State) 
NOTES: 


1. For propagation delays with loads other than 50 pF, see Chapter 4. 
2. Information on typical parametric values can be found in Chapter 4. 


Power Dissipation Capacitance (Per Package) 


Used to determine the no-load dynamic power consumption: 


Pp=Cpp Vcc2ft+Icc Vcc 


tpLH, | Maximum Propagation Delay, Nibble A or B to Output Y 


Maximum Propagation Delay, Output Enable to Output Y 


Maximum Propagation Delay, Output Enable to Output Y 


(rer Go ae a 


Maximum Three-State Output Capacitance (Output in High-Impedance 





| Guaranteed Limit | Limit 


° 


2.0 100 125 
4.5 20 25 ‘S 






















Typical @ 25°C, Vec =5.0 V 





For load considerations, see Chapter 4. 


PIN DESCRIPTIONS 


INPUTS 

AO, A1, A2, A3 (PINS 2, 5, 11, 14) — Nibble A input. The 
data present on these pins is transferred to the output when 
the Select input is at a low level and the Output Enable input 
is at a low level. The data is presented to the outputs in 
noninverted form. 

BO, B1, B2, B3 (PINS 3, 6, 10, 13) — Nibble B input. The 
logic data present on these pins is transferred to the output 
when the Select input is at a high level and the Output Enable 
input is at a low level. The data is presented to the outputs 
in noninverted form. 


OUTPUTS 


YO, Y1, Y2, Y3 (PINS 4, 7, 9, 12) — Nibble output. The 
selected nibble input is presented at these outputs when the 


Output Enable input is at a low level. For the Output Enable 
input at a high level, the outputs are switched to the high 
impedance state. 


CONTROL INPUTS 


SELECT (PIN 1) — Nibble select. This input determines the 
nibble to be transferred to the outputs. A low level on this 
input selects the A inputs and a high level selects the B inputs. 

OUTPUT ENABLE (PIN 15) — Output Enable. A low level 
on this input allows the selected input data to be presented 
at the outputs. A high level on this input forces the outputs 
into the high-impedance state. 
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Figure 1. Figure 2. 
V 
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HIGH 
IMPEDANCE 
OUTPUT Y 
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IMPEDANCE 
Figure 3. 
TEST CIRCUITS 
TEST POINT Test 












CONNECT TO Voc WHEN 


OUTPUT TESTING tp.z AND tpz1. 







pe aaa CONNECT TO GND WHEN 
* * TESTING tpy7 AND tpzy. 
TEST i CL TEST T Cy pHz AND tpzy 
* Includes all probe and jig capacitance. *includes all probe and jig capacitance. 
Figure 4. | Figure 5. 
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Advance Information 


8-Bit Addressable 


Latch 1-of-8 Decoder 
High-Performance Silicon-Gate CMOS 


The MC54/74HC259 is identical in pinout to the LS259. The device inputs are 
compatible with standard CMOS outputs; with pullup resistors, they are compatible 
with LSTTL outputs. . 

The HC259 has four modes of operation as shown in the mode selection table. In 
the addressable latch mode, the data on Data In is written into the addressed latch. 
The addressed latch follows the data input with all non-addressed latches remaining 
in their previous states. In the memory mode, all latches remain in their previous 
state and are unaffected by the Data or Address inputs. In the one-of-eight decod- 
ing or demultiplexing mode, the addressed output follows the state of Data In with 
all other outputs in the LOW state. In the Reset mode all outputs are LOW and 
unaffected by the address and data inputs. When operating the HC259 as an ad- 
dressable latch, changing more than one bit of the address could impose a transient 
wrong address. Therefore, this should only be done while in the memory mode. 


Output Drive Capability: 10 LSTTL Loads 

Outputs Directly Interface to CMOS, NMOS, and TTL 

Operating Voltage Range: 2 to 6 V 

Low Input Current: 1 pA 

High Noise Immunity Characteristic of CMOS Devices 

In Compliance with the Requirements Defined by JEDEC Standard No. 7A 
Chip Complexity: 202 FETs or 50.5 Equivalent Gates 


LOGIC DIAGRAM 
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J SUFFIX 
CERAMIC 
CASE 620-09 


N SUFFIX 
PLASTIC 
CASE 648-08 


D SUFFIX 
SOIC 
CASE 751B-03 


ORDERING INFORMATION 


MC74HCXXXN Plastic 
MC54HCXXXJ Ceramic 
MC74HCXXXD SOIC 


TA = —55° to 125°C for all packages. 
Dimensions in Chapter 6. 


PIN ASSIGNMENT 
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This document contains information on a new product. Specifications and information herein are subject to change without notice. 
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MC54/74HC259 


MAXIMUM RATINGS* 


unit 
Vcc [Be Supply Voltage (Referenced to GND) ——~C«dt~C Sto TO | 
[Vin [DC input Voltage (Referenced to GND)_———~id|t tb to veg+15 | Vv 
[in [DC Input Curent, porn SSC*dSCSCi | 





This device contains protection 
circuitry to guard against damage 
due to high static voltages or electric 
fields. However, precautions must 
be taken to avoid applications of any 
voltage higher than maximum rated 
voltages to this high-impedance 














circuit. For proper operation, Vip and 
Vout Should be constrained to the 
range GND <(Vjn or Voyt) = Vcc: 

Unused inputs must always be tied 
to an appropriate logic voltage level 
(e.g., either GND or Vcc). Unused 
outputs must be left open. 


Power Dissipation in Still Air, Plastic or Ceramic DIPt 750 mW 
SOIC Packaget 500 
°C 


Storage Temperature ~—65 to + 150 | oc | 
(Plastic DIP or SOIC Package) 


TL oC 
260 
(Ceramic DIP) 


* Maximum Ratings are those values beyond which damage to the device may occur. 
Functional operation should be restricted to the Recommended Operating Conditions. 
tDerating — Plastic DIP: — 10 mW/°C from 65° to 125°C 
Ceramic DIP: — 10 mW/°C from 100° to 125°C 
SOIC Package: —7 mW/°C from 65° to 125°C 
For high frequency or heavy load considerations, see Chapter 4. 











Lead Temperature, 1 mm from Case for 10 Seconds 










RECOMMENDED OPERATING CONDITIONS 


Symbol| Parameter =| «Min | Max | Unit _| 
DC Supply Voltage (Referenced to GND) | 20 | 60 | ve 
DC Input Voltage, Output Voltage (Referenced to GND) | o | Veo | ve 
Operating Temperature, All Package Types | -65 | +125 | °c | 


tr, t¢ | Input Rise and Fall Time 
(Figure 1) 
Vcc 
Minimum High-Level Input Vout=0.1 V or Vcc —0.1 V 2.0 
Voitage llout| $20 pA 4.5 
. 6.0 


Maximum Low-Level Input Vout =9.1 V or Voc —-0.1 V 
Voltage lloutl S20 pA 




















DC ELECTRICAL CHARACTERISTICS (Voltages Referenced to GND) 







Test Conditions 























OfhN 
ono 
< 

















Minimum High-Level Output Vin=VIH or ViL 2.0 1.9 1.9 1.9 V 
Voltage lout] $20 pA 4.5 : : : 
6.0 5.9 5.9 5.9 
Vin = Vir or VIL llout| $4.0 mA 3.98 3.84 3.70 
Hlout| 5.2 mA 5.48 5.34 5.20 
Maximum Low-Level Output Vin=VIH or VIL 2.0 






Voltage lloutl $20 nA 


Vin= VI or VIL lout} 34.0 mA 0.26 0.40 
lIout| <5.2 mA 0.26 0.40 
Maximum Input Leakage Current | Vin =Vcc or GND | 6.0 | +01 | +1.0 


Maximum Quiescent Supply Vin=Vecc or GND pA 
Current (per Package) lout =0 pA 


NOTE: Information on typical parametric values can be found in Chapter 4. 
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MC54/74HC259 


AC ELECTRICAL CHARACTERISTICS (C, =50 pF, Input t,=ts=6 ns) 


Parameter 


Maximum Propagation Delay, Data to Output 
(Figures 1 and 6) 


Maximum Propagation Delay, Address Select to Output 
(Figures 2 and 6) 


Maximum Propagation Delay, Enable to Output 
(Figures 3 and 6) 


Maximum Propagation Delay, Reset to Output 
(Figures 4 and 6) 


Maximum Output Transition Time, Any Output 
(Figures 1 and 6) 





NOTES: 
1. For propagation delays with loads other than 50 pF, see Chapter 4. 
2. Information on typical parametric values can be found in Chapter 4. 


Power Dissipation Capacitance (Per Package) 

Used to determine the no-load dynamic power consumption: 
Pp=Cpp Vec*F+Icc Vec 

For load considerations, see Chapter 4. 





TIMING REQUIREMENTS (input t,=ts=6 ns) 
| Guaranteed Limit | Limit 


Parameter Yee 
=85°C = 125°C 


Minimum Setup Time, Address or Data to Enable ae 125 
(Figure 5) . 25 
21 


Minimum Hold Time, Enable to Address or Data 
(Figure 5) 


Minimum Pulse Width, Reset or Enable 
(Figure 3 or 4) 


Maximum Input Rise and Fall Times 
(Figure 1) 





NOTE: Information on typical parametric values can be found in Chapter 4. 
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MC54/74HC259 


SWITCHING WAVEFORMS 
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Figure 1 
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Figure 2 
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Figure 3 Figure 4 
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* Includes all probe and jig capacitance. 


Figure 5 


Figure 6. Test Circuit 
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MC54/74HC259 


EXPANDED LOGIC DIAGRAM 
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MOTOROLA 
= SEMICONDYVQ yyy eee 


MC54/74HC273 


TECHNICAL DATA 


Octal D Flip-Flop with 


Common Clock and Reset we CERAMIC 
High-Performance Silicon-Gate CMOS toa eere 
The MC54/74HC273 is identical in pinout to the LS273. The device inputs are She N SUFFIX 

compatible with standard CMOS outputs; with pullup resistors, they are compatible oe PLASTIC 

with LSTTL outputs. CASE 738-03 
The device consists of eight D flip-flops with common Clock and Reset inputs. 

Each flip-flop is loaded with a low-to-high transition of the Clock input. Reset is 

asynchronous and active-low. DW SUFFIX 

@® Output Drive Capability: 10 LSTTL Loads SOIC 

@ Outputs Directly Interface to CMOS, NMOS, and TTL CASE 751D-03 

@ Operating Voltage Range: 2 to 6 V 

@ Low Input Current: 1 pA 

@ High Noise Immunity Characteristic of CMOS Devices ORDERING INFORMATION 

@ in Compliance with the Requirements Defined by JEDEC Standard No. 7A 

® Chip Complexity: 264 FETs or 66 Equivalent Gates MC74HCXXXN Plastic 


MC54HCXXXJ Ceramic 
MC74HCXXXDW_ SOIC 


Ta = —55° to 125°C for all packages. 
Dimensions in Chapter 6. 








PIN ASSIGNMENT 
LOGIC DIAGRAM 
Reset} 1@ 
DO 
D1 
D2 
, en D3 Noninverting 
nputs ba Outputs 
D5 
D6 
D7 
Clock 
Reset 
Vee™ Pin 20 [inputs [Output 
GND= Pin 10 Reset Clock Pee 
L 


L 
no change 


D 
X 
H H 
L 
X 
X no change 
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MAXIMUM RATINGS* 










This device contains protection 
circuitry to guard: against damage 
due to high static voltages or electric 
fields. However, precautions must 
be taken to avoid applications of any 
voltage higher than maximum rated 
voltages to this high-impedance 


| 
°C 
L C 


0 

Power Dissipation in Still Air, Plastic or Ceramic DIPT 750 mW 
SOIC Packaget 500 
0 


circuit. For proper operation, Vin and 
Vout should be constrained to the 
range GND S(Vjn or Vout) = Vcc: 

Unused inputs must always be tied. 
to an appropriate logic voltage level 
(e.g., either GND or Vcc). Unused 
outputs must be left open. 






Storage Temperature —65 to +150 ae 


0 
T Lead Temperature, 1 mm from Case for 10 Seconds 2 
| (Plastic DIP or SOIC Package) 260 
(Ceramic DIP) 30 


* Maximum Ratings are those values beyond which damage to the device may occur. 
Functional operation should be restricted to the Recommended Operating Conditions. 
tDerating — Plastic DIP: —10 mW/°C from 65° to 125°C 
Ceramic DIP: — 10 mW/°C from 100° to 125°C 
SOIC Package: —7 mW/°C from 65° to 125°C 
For high frequency or heavy load considerations, see Chapter 4. 





RECOMMENDED OPERATING CONDITIONS 


Input Rise and Fall Time 
(Figure 1) 





DC ELECTRICAL CHARACTERISTICS (Voltages Referenced to GND) 


7 Guaranteed Limit 
Symbol Parameter Test Conditions cc ° 
: vi | °C to! <g5e¢ | <125°C 
— 55°C 
1 1.5 


Minimum High-Level Input Vout =9.1 V or Vcc —0.1 V 2.0 1.5 
Voltage lout] 20 pA 4.5 3.15 3.15 3.15 
6.0 


Maximum Low-Level Input Vout =9.-1 V or Vcc —-0.1 V 2.0 
Voltage lout] S20 nA 4.5 
6.0 


Minimum High-Level Output Vin = VIH or Vit 2.0 . : 
Voltage lout] $20 nA 4.5 : 4.4 
6.0 | 5.9 5.9 5.9 
Vin=VIH or VIL lout! $4.0 mA 3.98 3.84 — 3.70 
| llout| $5.2 mA 5.48 5.34 5.20 
Maximum Low-Level Output Vin=ViH or VIL 2.0 0.1 0.1 
Voltage | llout| $20 vA 4.5 0.1 0.1 
6.0 0.1 0.1 
Vin=VIH or VIL lout] =4.0 mA 0.26 0.33 0.40 
llout| $5.2 MA 0.26 0.33 0.40 


Maximum Input Leakage Current | Vin=Vecc or GND ; + 1.0 





VIH 

VIL 

VOH 

VoL | 

lcc Maximum Quiescent Supply Vin=Vec or GND 
Current (per Package) lout =0 pA 


NOTE: Information on typical parametric values can be found in Chapter 4. 
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AC ELECTRICAL CHARACTERISTICS (C, =50 pF, Input t, = t¢=6 ns) 


7 | Guaranteed Limit ——_—| Limit 
Symbol Parameter cc 25°C to 
Vv “e5ec¢ | <85°C | = 125°C 
fmax | Maximum Clock Frequency (50% Duty Cycle) 2.0 - H : : 
(Figures 1 and 4) 4.5 3 
6.0 24 
tpLH, | Maximum Propagation Delay, Clock to 2.0 240 
tPHL (Figures 1 and 4) 4.5 48 
6.0 41 








tpHL | Maximum Propagation Delay, Reset to Q 2.0 160 240 ns 
(Figures 2 and 4) 4.5 # 48 
6.0 41 


tTLH. | Maximum Output Transition Time, Any Output 2.0 110 ns 
tTHL (Figures 1 and 4) a i fs 22 
13 16 19 
Maximum Input Capacitance pec | a 


NOTES: 
1. For propagation delays with loads other than 50 pF, see Chapter 4. 
2. Information on typical parametric values can be found in Chapter 4. 


Power Dissipation Capacitance (Per Flip-Flop) Typical @ 25°C, Vcc =5.0 V 


Used to determine the no-load dynamic power consumption: 


Pp=Cpp Vec4ft+Icc Vec 
For load considerations, see Chapter 4. 











TIMING REQUIREMENTS (input t,=ts=6 ns) 




























eee ec eae Limit 
Symbol Parameter 25°C to 
Minimum Setup Time, Data to Clock 2.0 far 
(Figure 3) 4.5 25 # 
6.0 21 
Minimum Hold Time, Clock to Data 2.0 
(Figure 3) 4.5 
6.0 
Minimum Recovery Time, Reset Inactive to Clock 2.0 125 
(Figure 2) 4.5 25 
6.0 21 
Minimum Pulse Width, Clock 2.0 100 
(Figure 1) 4.5 20 
6.0 17 
Minimum Pulse Width, Reset 2.0 100 
(Figure 2) 4.5 : 20 
6.0 14 17 
Maximum Input Rise and Fall Times 2.0 1000 1000 
(Figure 1) 4.5 500 500 
6.0 400 400 


NOTE: Information on typical parametric values can be found in Chapter 4. 
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SWITCHING WAVEFORMS 














Vcc Vcc 
Clock Reset 
—— GND / === GND 
Q 
. Voc 
Clock 50% 
tTLH tTHL — GND 
Figure 1. Figure 2. 
Test Point 
V LJ 
cc Output 
Data 5 Device 
GN Under 
Test re 
Vcc 
Clock 50% 
~——- GND — 
* Includes all probe and jig capacitance. 
Figure 3. : Figure 4. Test Circuit 
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EXPANDED LOGIC DIAGRAM 
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MOTOROLA 
TECHNICAL DATA 


9-Bit Odd/Even Parity 


Generator/Checker 
High-Performance Silicon-Gate CMOS 


The MC54/74HC280 is identical in pinout to the LS280. The device inputs are 
compatible with standard CMOS outputs; with pullup resistors, they are compatible 
with LSTTL outputs. 

This circuit consists of 9 data-bit inputs (A through |) and 2 outputs (Even Parity 
and Odd Parity) to allow both odd and even parity applications. Words greater than 
9-bits can be accommodated by cascading other HC280 devices. 

This device can be used in systems utilizing the LS180 parity generator/checker. 
Although the HC280 does not have expander inputs, the corresponding function is 
provided by an input at pin 4 and the absence of any connection at pin 3. This | 
permits the HC280 to be substituted for the LS180 to produce a similar function, 
even if the HC280s are mixed with existing LS180s. NOTE: Pullup resistors must be 
used on the LS180 outputs to interface with the HC280. 


Output Drive Capability: 10 LSTTL Loads 

Outputs Directly Interface to CMOS, NMOS, and TTL 

Operating Voltage Range: 2 to 6 V 

Low Input Current: 1 pA 

High Noise Immunity Characteristic of CMOS Devices 

In Compliance with the Requirements Defined by JEDEC Standard No. 7A 
Chip Complexity: 226 FETs or 56.5 Equivalent Gates 


LOGIC DIAGRAM 


A 

B 

C 

9-Bit D 
Data- E Even Parity | Parity 
Word Odd Parity { Outputs 

Inputs | F 
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| 


Vcc= Pin 14 
GND= Pin 7 
no connection= Pin 3 











Number of Inputs A through 
| that are high Parity | Parity 





MC54/74HC280 


J SUFFIX 
CERAMIC 
CASE 632-08 


N SUFFIX 
PLASTIC 
CASE 646-06 


D SUFFIX 
SOIC 
CASE 751A-02 





ORDERING INFORMATION 
MC74HCXXXN Plastic 


MC54HCXXXJ Ceramic 
MC74HCXXXD SOIC 


Ta = —55° to 125°C for all packages. 
Dimensions in Chapter 6. 


PIN ASSIGNMENT 


Even Parity Q 
Odd Parity 


NC=no connection 


FUNCTION TABLE — 










Even Odd 
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MC54/74HC280 


MAXIMUM RATINGS* 





This device contains protection 
circuitry to guard against damage 
due to high static voltages or electric 
fields. However, precautions must 
be taken to avoid applications of any 
voltage higher than maximum rated 
voltages to this high-impedance 
circuit. For proper operation, Vjp and 


i 20 
ere 25 
DC Supply Current, Vcc and GND Pins 50 Vout should be constrained to the 
in Still Air, 750 
500 


Power Dissipation in Still Air, Plastic or Ceramic DIPt mW range GND S(Vjn or Vout) = Vcc: 
SOIC Packaget Unused inputs must always be tied 
Storage Temperature —65 to +150 é to an appropriate logic voltage level 


stg (e.g., either GND or Vcc). Unused 
Te Lead Temperature, 1 mm from Case for 10 Seconds outputs must be left open. 
(Plastic DIP or SOIC Package) 
(Ceramic DIP) 


* Maximum Ratings are those values beyond which damage to the device may occur. 
Functional operation should be restricted to the Recommended Operating Conditions. 
tDerating — Plastic DIP: —10 mW/°C from 65° to 125°C 
Ceramic DIP: — 10 mW/°C from 100° to 125°C 
SOIC Package: —7 mW/°C from 65° to 125°C 
For high frequency or heavy load considerations, see Chapter 4. 


: 
DC Output Current, per Pin m 
m 


V 

V 

V 
A 
A 
A 
C 


: 





RECOMMENDED OPERATING CONDITIONS 


Parameter 


tr, te | Input Rise and Fall Time 
‘ 
Test Conditions cc 25°C to 
Vv <85°C | <125°C 
2.0 1.5 V 


(Figure 1) 
Minimum High-Level Input Vout =9.1 V or Vec—-0.1 V : . 1.5 
Voltage llout| $20 vA 4.5 3.15 3.15 
6.0 4.2 4.2 





Maximum Low-Level Input Vout=0.1 V or V¢c —-9.1 V 2.0 0.3 0.3 0.3 
Voltage llout| $20 nA 4.5 0.9 0.9 0.9 
6.0 1.2 1.2 1.2 


Minimum High-Level Output Vin=VIH or VIL 2.0 1.9 1.9 1.9 
Voltage lout] $20 pA 4.5 4.4 4.4 4.4 


6.0 5.9 5.9 5.9 
Vin= Vin or VIL lout] <4.0 mA 3.98 3.84 3.70 
lout] 5.2 mA 5.48 5.34 5.20 
Maximum Low-Level Output Vin=VIH or VIL 2.0 0.1 0.1 
Voltage lout] $20 pA 4.5 0.1 0.1 | 
6.0 0.1 0.1 
Vin=VIH or VIL lout] $4.0 mA] 4.5 0.26 0.33 0.40 | 
| llout| =5.2 mA| 6.0 0.26 0.33 0.40 } 
Maximum Input Leakage Current | Vin=Vcc or GND | 


Icc Maximum Quiescent Supply Vin=Vcc or GND pA | 
Current (per Package) lout =0 pA | 


NOTE: Information on typical parametric values can be found in Chapter 4. | 
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MC54/74HC280 


AC ELECTRICAL CHARACTERISTICS (C,; =50 pF, Input t, = ts=6 ns) 
? | Guaranteed Limit Limit 
Symbol Parameter cc ° 

tpLH, | Maximum Propagation Delay, Data Inputs to Parity Outputs 2.0 205 
tPHL (Figures 1 and 2) 4.5 41 
6.0 35 

75 

15 

13 


















tTLH, | Maximum Output Transition Time, Any Output 2.0 
tTHL (Figures 1 and 2) 4.5 








| Cin [Maximum input Capacitance | = Tt 


NOTES: 
1. For propagation delays with loads other than 50 pF, see Chapter 4. 
2. Information on typical parametric values can be found in Chapter 4. 


Power Dissipation Capacitance (Per Package) Typical @ 25°C, Vcc =5.0 V 


Used to determine the no-load dynamic power consumption: 


Pp=Cpp Vec*f+icc Vcc 
For load considerations, see Chapter 4. 





PIN DESCRIPTIONS 


INPUTS OUTPUTS 

A, B, C, D, E, F, G, H, | (Pins 8-13, 1, 2, 4) — Nine-bit Even Parity (Pin 5) — Even-parity output. This pin goes 
data-word inputs. The data word placed on these pins is high if the data word has even parity and low if the data word 
checked for even or odd parity. has odd parity. 


Odd Parity (Pin 6) — Odd-parity output. This pin goes high 
if the data word has odd parity and low if the data word has 
even parity. 










Test Point 
Data Input 1 


Device 
Under 
Test 







Parity Output 





* Includes all probe and jig capacitance. 


Figure 1. Switching Waveforms Figure 2. Test Circuit 
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EXPANDED LOGIC DIAGRAM 
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MC54/74HC280 





TYPICAL APPLICATIONS 
CASCADED 17-BIT ODD/EVEN PARITY CASCADED 33-BIT ODD/ EVEN PARITY 
GENERATOR/CHECKER GENERATOR/CHECKER 
8 
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es s— 
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Advance Information 
8-Bit Bidirectional Universal 


Shift Register with Parallel 1/O 
High-Performance Silicon-Gate CMOS 


The MC54/74HC299 is identical in pinout to the LS299. The device inputs are com- 
patible with standard CMOS outputs; with pullup resistors, they are compatible with 
LSTTL outputs. 

The HC299 features a multiplexed paralle! input/output data port to achieve full 
8-bit handling in a 20 pin package. Due to the large output drive capability and the 
3-state feature, this device is ideally suited for interface with bus lines in a bus-ori- 
ented system. 

Two Mode-Select inputs and two Output Enable inputs are used to choose the 
mode of operation as listed in the Function Table. Synchronous parallel loading is 
accomplished by taking both Mode-Select lines, S$; and Sg, high. This places the 
outputs in the high-impedance state, which permits data applied to the data port to 
be clocked into the register. Reading out of the register can be accomplished when 
the outputs are enabled. The active-low asynchronous Reset overrides all other 
inputs. 


@ Output Drive Capability: 15 LSTTL Loads for Qa through Qy 
10 LSTTL Loads for Qa’ and Qy’ 
Outputs Directly Interface to CMOS, NMOS, and TTL 
Operating Voltage Range: 2 to 6 V 
Low Input Current: 1 nA 
High Noise Immunity Characteristic of CMOS Devices 
In Compliance with the Requirements Defined by JEDEC Standard No. 7A 
Chip Complexity: 398 FETs or 99.5 Equivalent Gates 


LOGIC DIAGRAM 
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SERIAL | SA (SHIFT RIGHT) iy PARALLEL DATA PORT 
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MC54/74HC299 


J SUFFIX 
CERAMIC 
CASE 732-03 


N SUFFIX 
PLASTIC 
CASE 738-03 


DW SUFFIX 
SOIC 
CASE 751D-03 


ORDERING INFORMATION 
MC74HCXXXN Plastic 


MC54HCXXXJ Ceramic 
MC74HCXXXDW_ SOIC 


Ta = —55° to 125°C for all packages. 
Dimensions in Chapter 6. 





PIN ASSIGNMENT 


12 {j CLOCK 





This document contains information on a new product. Specifications and information herein are subject to change without notice. 
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MC54/74HC299 


MAXIMUM RATINGS* 


symbol] SS Parameter ——~SS~*wdCS*~Cw = 
[Vout [BC Output Voltage (Referenced to GND) + ~05tovec+os | Vv 
tn [BC input Curent, porn 
out [DC Output Curent, poring m 
Tice | B¢ Supply Curent, Voc and GND Pega 


Power Dissipation in Still Air, Plastic or Ceramic DIPt 750 mW 
. SOIC Packaget 500 
Storage Temperature ~65 to +150 a 


Lead Temperature, 1 mm fiom Case for 10 Seconds 






This device contains protection 
circuitry to guard against damage 
due to high static voltages or electric 
fields. However, precautions must 
be taken to avoid applications of any 
voltages higher than the maximum 
rated voltages to this _high- 
impedance circuit. For proper 
operation, Vin and Voyt should be 
constrained to the range GND <(Vjn 
or Vout) = Vcc: 

Unused inputs must always be tied 
to an appropriate logic level (e.g., 
either GND or Vcc). Unused outputs 
(Plastic DIP or SOIC Package) must be left open. I/O pins must be 
(Ceramic DIP) connected to a properly terminated 
* Maximum Ratings are those values beyond which damage to the device may occur. line or bus. See Chapter 4. 

Functional operation should be restricted to the Recommended Operating Conditions. . 
tDerating — Plastic DIP: — 10 mW/°C from 65° to 125°C 

Ceramic DIP: —10 mW/°C from 100° to 125°C 
SOIC Package: —7 mW/°C from 65° to 125°C 
.For high frequency or heavy load considerations, see Chapter 4. 





















RECOMMENDED OPERATING CONDITIONS 


[symbot| Parameter SSS*dSMin | Max | Unit 
Vee _[ Be Supply Votage (Referenced to GND) ——~—SC*dt— of eo fv 
[VinwVout| DC input Vokage, Output Voltage (Referenced to GND) | 0 | Veo | V 
[Ta [Operating Temperature, All Package Types | 86 | +125 | 0 | 


Input Rise and Fall Time 
_ (Figure 1) 











Test Conditions 








Vout=0.1 V or Voc—0.1 V 
lout] $20 nA 





Minimum High-Level Input 
Voltage 

















Maximum Low-Level Input 
Voltage 


Vout =0.1 Vor Vec—9.1 V 
lout] $20 wA 















Minimum High-Level Output 
Voltage 


Vin=VIH or ViL 
lout] $20 nA 


Vin=VIH oF Vit [lout| 6.0 mA (P/Q) 3.98 3.84 3.70 
llout| $7-8 mA (P/Q) 5.48 5.34 5.20 
Vin= Vin or Vit [loyt| $4.0 mA (Q’) 3.98 3.84 3.70 
Hout| $5.2 mA (Q’) 5.48 5.34 5.20 

2.0 


Vin=VIH OF VIL 
6.0 
lout! 6.0 mA (P/Q) 0.26 0.40 
Vin= Vin or VIL [lout] =4.0 mA (Q’) 0.26 0.40 
llout| $5.2 mA (Q’) 0.26 0.40 
ie linea! Maximum Input Leakage Current | Vi, =Vcc or GND 
loz Maximum Three-State Leakage | Output in High-impedance State +0.5 +5.0 + 10.0 
Current (Qq thru Qy) — vin Vib or ViH 
Maximum Quiescent Supply ae or GND 
Current (per Package) lout =0 pA 


NOTE: Information on typical parametric values can be found in Chapter 4. 















Maximum Low-Level Output 
Voltage 








Vin= VIH or VIL 
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AC ELECTRICAL CHARACTERISTICS (C;, =50 pF, Input t;=ts=6 ns) 
Ee] cee [awe] 


Vcc 
Symbol Parameter 25°C to 
fmax | Maximum Clock Frequency (50% Duty Cycle) 2.0 5.0 4.0 3.4 
(Figures 1 and 5) 4.5 25 20 17 
6.0 29 24 20 
tpLH, | Maximum Propagation Delay, Clock to Qa’ or Qyy’ 2.0 170 215 255 
tPHL 4.5 34 43 51 
6.0 29 37 43 
200 | 40 


(Figures 1 and 5) 
tPLH. 2 

















Maximum Propagation Delay, Clock to Qa thru QH 
(Figures 1 and 5) 


tpH_ | Maximum Propagation Delay, Reset to Qa’ or QH’ 
(Figures 2 and 5) 


tpHL | Maximum Propagation Delay, Reset to Qa thru Qy : 190 240 285 
(Figures 2 and 5) A 38 48 57 


tp_z, | Maximum Propagation Delay, OE1, OE2, S1, or S2 to Qa thru Qy : 150 190 
tPHZ (Figures 3 and 6) : 30 38 
‘ 26 33 









tpz_, | Maximum Propagation Delay, OE1, OE2, $1, or S2 to Qa thru Qy ; 150 190 
tPZH (Figures 3 and 6) : 30 38 
; 26 33 
tTLH. | Maximum Output Transition Time, Qa thru Qy : 60 75 90 
tTHL (Figures 1 and 5) : 12 15 18 
: 10 13 15 


tTLH, | Maximum Output Transition Time, Qa’ or Qyy’ ; 75 
tTHL (Figures 1 and 5) : 15 
‘ 13 


Maximum Input Capacitance 


Cout | Maximum Three-State Output Capacitance (Output in High-lmpedance 15 
State), Qa thru Qy 


NOTES: 
1. For propagation delays with loads other than 50 pF, see Chapter 4. 
2. Information on typical parametric values can be found in Chapter 4. 


Power Dissipation Capacitance (Per Package), Outputs Enabled Typical @ 25°C, Vcc =5.0 V 
pF 





Used to determine the no-load dynamic power consumption: 
Pp=Cpp Vec2f+ lcc Vec 240 
For load considerations, see Chapter 4. 
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TIMING REQUIREMENTS (input t,=t;=6 ns) 


. | Guaranteed Limit | Limit 
Parameter ae ° 


Minimum Setup Time, Mode Select $1 or S2 to Clock 125 
(Figure 4) i. a 25 
6.0 17 21 


Minimum Setup Time, Data Inputs Sa, Sy, Pa thru Py to Clock ; 100 
‘(Figure 4) 


Minimum Hold Time, Clock to Mode Select $1 or S2 
(Figure 4) 


Minimum Hold Time, Clock to Data Inputs, Sa, SH, Pa thru Py 


(Figure 4) 


Minimum Recovery Time, Reset Inactive to Clock 
(Figure 2) 


Minimum Pulse Width, Clock 
(Figure 1) 


Minimum Pulse Width, Reset 
(Figure 2) 


Maximum Input Rise and Fall Times 
(Figure 1) 





NOTE: Information on typical parametric values can be found in Chapter 4, 
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FUNCTION TABLE 


Inputs 


| sq | OEtt| | OE2t| 





Response 


Reset ial Ene] Clock Seed Pa/Qpa Pgp/Og PC/Qc Pp/Qp PE/Ag PF/AFe PG/Og PH/QyH | Qn’ Oy’ 


x<xrcr 


Reset L 82, L 
L L | X 
L H | H 
Shift H L | H 
Right H L | H 
H L | H 

H 


Shift 
Left 


X 2H 
; : Xx 
X | X 







H 
H 


mr~xX DirxK DTixrcre 
romxKijirzwe~x 


aa 


H 
H 






X |Hold: Qa through Qy =Z; Fy=Fn 
X |Hold: Qy = Qy 


Z=high impedance 
D = data on serial input 
F=flip-flop (see Logic Diagram) 





X [Shift Right: Qa through QH=Z; Da-> Fa; Fa— Fp; etc. 
X {Shift Right: Qa through Qy=Z; Da—Fa; Fa Fp; etc. 
X |Shift Right: Da — Fa =Q,a; Fa — Fp = Qs; etc. 


X | D |Shift Left: Qa through QH=Z; Dy— FH; FH FG; etc. 
X | D |Shift Left: Qa through QH=Z; DH—FH; FH— FG; etc. 
X | D {Shift Left: DH — FY =QH; FH—- FG =QG; etc. 


H 
Parallel Parallel Load: Pyy—> Fry Pa PH 
Load 
Hold X X | X |Hold: Qa through QH=Z; FN=Fr 
X X 
X X 





L L 
L L 
Qa through QH=Z 


UU UIrrr 
888|ree 


O O 
a w 
oo) 


Qg OD 


Pa PH 
Pa PH 
PA PH 


tWhen one or both output controls are high the eight input/output terminals are disabled to the high-impedance state; however, sequential 


operation or clearing of the register is not affected. 


PIN DESCRIPTIONS 


DATA INPUTS 


Sa (PIN 11) — Serial data input (Shift Right). Data on this 
input is shifted into the shift register on the rising edge of 
Clock when S82 is low and $1 is high (shift right mode). 

Sp (PIN 18) — Serial data input (Shift Left). Data on this 
input is shifted into the shift register on the rising edge of 
Clock when $2 is high and $1 is low (shift left mode). 

Pa through Py (PINS 7, 13, 6, 14, 5, 15, 4, 16) — Parallel 
data port inputs. Data on these pins can be parallel loaded 
into the shift register on the rising edge of Clock when both 
S1 and S2 are high. For any other combination of $1 and $2, 
these pins serve as the outputs of the shift register. 


CONTROL INPUTS 


CLOCK (PIN 12) — Clock input. A low-to-high transition 
on this pin shifts the data at each stage to the next stage (shift 
right or left mode) or loads the data at the parallel data inputs 
into the shift register (parallel load mode). 

OE1, OE2 (PINS 2, 3) — Active-low output enables. When 
both OE1 and OE2 are low, the outputs Qa through Oy are 
enabled. When one or both output enables are high, the out- 
puts are forced to the high-impedance state; however, se- 
quential operation or clearing of the register is not affected. 


RESET (PIN 9) — Active-low reset. A low on this pin resets 
all stages of the register to a low level. The reset operation is 
asynchronous. 

$1, S2 (PINS 1, 19) — Mode select inputs. The levels 
present at these pins determine the shift register’s mode of 
operation: 

$1 =S2=Low. Hold. 

$1=Low, S2=High. Shift left. 

$1=High, $2= Low. Shift right. 

$1=S$2=High. Parallel load. 


OUTPUTS 


Qa’, Qy’ (PINS 8, 17) — Serial data outputs. These are 
the outputs of the first and last stages of the shift register, 
respectively. These outputs are not 3-state outputs and have 
standard drive capabilities. 

Qa through QH (PINS 7, 13, 6, 14, 5, 15, 4, 16) — Parallel 
data port outputs. Shifted data is present at these pins when 
OE1 and OE2 are low. For all other combinations of OE1 and 
OE2 these outputs are in the high-impedance state. 
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SWITCHING WAVEFORMS 




















Vec 
CLOCK 
— GND 
Oy’, Oy’ ,. 
Qq—Oy 
Figure 1 
Vec 
OE1 OR OE2 
—— GND 
t t 
PZL PLZ HIGH 
IMPEDANCE 
50% 
10% VoL 
Oq—Oy 
90% ——YOH 
50% HIGH 
IMPEDANCE 
Figure 3a 
VALID 
Voc 
OR DATA GND 
tsy th 
Vec 
CLOCK 50% 
— GND 
Figure 4 


TEST POINT 









DEVICE 
UNDER 
TEST 


*Includes all probe and 


Figure 6. Test 


RESET 


Qa’, Oy’, 
Qq—Oy 





CLOCK 50% 


— GND 


Figure 2 


$1 OR So 
—— GND 
Vcc 






So OR Sy 
— GND 














tPZL 'PLZ 


HIGH 
IMPEDANCE 


y 
On—0y 10% VoL 


90% ——YOH 


HIGH 
IMPEDANCE 


Figure 3b 


TEST POINT 
{| OUTPUT 





DEVICE 
UNDER 
TEST 


* Includes all probe and jig capacitance. 


Figure 5. Test Circuit 


CONNECT TO Vec WHEN 
TESTING tp_z AND tpz,. 
CONNECT TO GND WHEN 
TESTING tpyz AND tpzy. 


jig capacitance. 


Circuit 
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EXPANDED LOGIC DIAGRAM 
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8 
On’ 


7 
Paldy 


Pp/Gg 


Pp/Qp 


5 
Pe/Og 


Pri 


4 
Pg/Og 


16 
Py/Qy 


Oy’ 





aa SEMICONDUCTOR 


MOTOROLA 
TECHNICAL DATA 


8-Input Data Selector/Multiplexer 
with Data and Address 


Latches and 3-State Outputs 
High-Performance Silicon-Gate CMOS 


The MC54/74HC354 is identical in pinout to the LS354. The device inputs are 
compatible with standard CMOS outputs; with pullup resistors, Mey are pcompacinre 
with LSTTL outputs. 

The HC354 selects one of eight latched binary Data Inputs, as determined by the 
Address Inputs. The information at the Data Inputs is stored in the transparent 8-bit 
Data Latch when the Data-Latch Enable pin is held high. The Address information 
may be stored in the transparent Address Latch, which i is enabled by the active-high 
Address-Latch Enable pin. 

The device outputs are placed in high-impedance states when Output Enable 1 is 
high, Output Enable 2 is high, or Output Enable 3 is low. 

The HC354 is similar in function to the HC356, which has a clocked Data Latch 
that is not transparent. : 


Output Drive Capability: 15 LSTTL Loads 

Outputs Directly Interface to CMOS, NMOS, and TTL 

Operating Voltage Range: 2 to 6 V 

Low Input Current: 1 nA 

High Noise Immunity Characteristic of CMOS Devices 

In Compliance with the Requirements Defined by JEDEC Standard No. 7A 
Chip Complexity: 326 FETs or 81.5 Equivalent Gates 





LOGIC DIAGRAM 
po—e— 
p— 
er 8.BIT 
DATA 3-STATE 
wf ae |i 
INPUTS } p4 MULTIPLEXER P y 
3 | (TRANS: CONTROL V ) ourpuTs 
D5—"—) PARENT) 
Dé 
p7— 
DATA-LATCH 
ENABLE 
ap 14 7 ADDRESS 
ADDRESS 13 LATCH 
inputs } Al) (TRANS. 


A2 PARENT) 





ADDRESS-LATCH 11 PIN 20=Vec 
ENABLE . PIN 10=GND 
or1—2 ; 
; 
oureur | 169 
naples } [2 
063 











MiC54/74HC354 


J SUFFIX 
CERAMIC 
CASE 732-03 


an 
20 
1 
N SUFFIX 
PLASTIC 
CASE 738-03 
20 
1 
Ee 
1 


DW SUFFIX 
soic 
CASE 751D-03 


ORDERING INFORMATION 
MC74HCXXXN Plastic 


MC54HCXXXJ Ceramic 
MC74HCXXXDW_ SOIC 


Ta = —55° to 125°C for all packages. 
Dimensions in Chapter 6. 


PIN ASSIGNMENT 


DATA-LATCH Ft g 
ENABLE 


we ADDRESS-LATCH 
ENABLE 
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MAXIMUM RATINGS* 


a 
[Vice _[ BC Supply Votage (Referenced to GND) «dt Sto +70 |v 
Vout | BC Output Vottage (Referenced fo GND) —+| 08 Vec+05 | V 
[DE Input Curent, porin SSCS 
Tima 

ma _| 

=o 





This device contains protection 
circuitry to guard against damage 
due to high static voltages or electric 
fields. However, precautions must 
be taken to avoid applications of any 
voltage higher than maximum rated 
voltages to this high-impedance 








circuit. For proper operation, Vj, and 
Vout should be constrained to the 
range GND <(Vjn or Vout) = Vcc. 

Unused inputs must always be tied 
to an appropriate logic voltage level 
(e.g., either GND or Vcc). Unused 
outputs must be left open. 


: ‘ V 
v 

: : V 
| tin | , per Pi +20 mA 
Bo lene | DC Output Current, per Pin mA 
DC Supply Current, Vcc and GND Pins mA 
Power Dissipation in Still Air, Plastic or Ceramic DIPT 750 mW 

SOIC Packaget 500 
~65to +150 | °C 
L °C 
260 
300 


Lead Temperature, 1 mm from Case for 10 Seconds mf 


(Plastic DIP or SOIC Package) 
(Ceramic DIP) 
* Maximum Ratings are those values beyond which damage to the device may occur. 
Functional operation should be restricted to the Recommended Operating Conditions. 
tDerating — Plastic DIP: — 10 mW/°C from 65° to 125°C 
Ceramic DIP: — 10 mW/°C from 100° to 125°C 
SOIC Package: —7 mW/°C from 65° to 125°C 
For high frequency or heavy load considerations, see Chapter 4. 






RECOMMENDED OPERATING CONDITIONS 


Parameter 

DC Supply Voltage (Referenced to GND) 

DC Input Voltage, Output Voltage (Referenced to GND 
Operating Temperature, All Package Types 


tr, tf | Input Rise and Fall Time 
(Figure 1) 















Voc 25°C to 
2.0 


Test Conditions 
























































Vi | Minimum High-Level Input Vout=0.1 V or Vcc —0.1 V : 
Voltage llout| $20 pA 4.5 3.15 3.15 3.15 
6.0 
VIL Maximum Low-Level Input Vout =9.1 V or Vcc —9.1 V 2.0 
Voltage lout] $20 nA 4.5 
6.0 
VoH | Minimum High-Level Output Vin=VIH or VIL 2.0 
Voltage llout| $20 pA 4.5 4.4 4.4 4.4 
6.0 5.9 5.9 5.9 
Vin= Vin or Vit lout] =6.0 mA 3.98 3.84 3.70 
llout| <=7.8 mA 5.48 5.34 5.20 
Voi | Maximum Low-Level Output Vin = VIiH or VIL 


Voltage Hout| $20 nA 





Vin =ViH or VIL llout| $6.0 mA 0.26 0.40 
lloutl =7-8 mA 0.26 0.40 

es Sli Maximum Input Leakage Current | Vin =Vcc or GND | 6.0 | +0.1 
Maximum Three-State Leakage | Output in High-lmpedance State +0.5 +5.0 + 10.0 
Current Vin=ViL or ViH 

Vout= Vcc or GND 
Icc Maximum Quiescent Supply Vin=Vcc or GND 

Current (per Package) lout =0 pA 


NOTE: Information on typical parametric values can be found in Chapter 4. 





V 
2.0 Vv 
4.5 
6.0 
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AC ELECTRICAL CHARACTERISTICS (C,; =50 pF, Input t,=t=6 ns) 
| Guaranteed Limit Limit 
Symbol | Parameter “oe 25°C to é ) tase 
55°C <85°C ) tase Cc 
tpLH, | Maximum Propagation Delay, D0-D7 to Y or Y m8 = 
tPHL (Figures 2 and 6) 
a 
tpLH, | Maximum Propagation Delay, Data-Latch Enable to Y or Y 260 — 
tPHL (Figures 3 and 6) 7 
tpLH, | Maximum Propagation Delay, AO-A2 to Y or Y a 
tPHL (Figures 2 and 6) 
Maximum Propagation Delay, Address-Latch Enable to Y or Y 2.0 270 340 
(Figures 3 and 6) ss ys = 
tp.z, | Maximum Propagation Delay, OE1-OE3 to Y or Y 2 - ay 
tpHz (Figures 4 and 7) ; 
| 6.0 7 . 
‘tpz_, | Maximum Propagation Delay, OE1-OE3 to Y or Y ; . 
tPZH (Figures 4 and 7) 
S 
tTLH. 
tTHL 
Maximum Input Capacitance fi seed I. IO 


Maximum Three-State Output Capacitance (Output in High- impedance 









tPLH: 
tPHL 

























Maximum Output Transition Time, Any Output 
(Figures 1 and 6) 














State) 


NOTES: 
1. For propagation delays with loads other than 50 pF, see Chapter 4. 
2. Information on typical parametric values can be found in Chapter 4. 


Power Dissipation Capacitance (Per Package) Typical @ 25°C, Vcc =5.0 V 


Used to determine the no-load dynamic power consumption: 


Pp=Cpp Vec4f+!cc Vcc 
For load considerations, see Chapter 4. 





PIN DESCRIPTIONS 





DO-D7 (PINS 8-1) DATA INPUTS ADDRESS-LATCH ENABLE (Pin 11) 

These eight data bits are stored in a transparent latch The latch is transparent to AO, Al, and A2 when enable is 
when the Data-Latch Enable pin is active (high). Once en- inactive (low). The Address-Latch contents are unaffected 
abled, changing inputs will not change the contents of the when enable is held active (high). 
latch. ; . 

AO, Al, A2 (Pins 14, 13, 12) ADDRESS INPUTS OE1, OE2, OES (Pins 15, 16, 17) OUTPUT ENABLES 


Any of the output enable pins inactive (OE1=High or 
OE2= High or OE3= Low) causes the outputs (Y and Y) to 
be in high-impedance states. 


Selects which data bit stored in the Data Latch is routed to 
the outputs Y and Y. 


DATA-LATCH ENABLE (Pin 9) 


The latch is transparent to DO-D7 when enable is inactive Y, Y (Pins 19, 18) | 
(low). The Data-Latch contents are unaffected when enable These 3-state outputs (when not 3-stated) represent the 
is held active (high). | data bit in the Data Latch selected by the Address Latch. 
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TIMING REQUIREMENTS (input t, = t¢=6 ns) 


Parameter 


Minimum Setup Time, DO-D7 to Data-Latch Enable 
(Figure 5) 


Minimum Setup Time, A0-A2 to Address-Latch Enable 
(Figure 5) 


Minimum Hold Time, Data-Latch Enable to DO-D7 
(Figure 5) 


Minimum Hold Time, Address-Latch Enable to A0-A2 
(Figure 5) 


Minimum Pulse Width, Data-Latch Enable 
(Figure 3) 


Minimum Pulse Width, Address-Latch Enable 
(Figure 3) 


Maximum Input Rise and Fall Times 
(Figure 1) 


| Guaranteed Limit Limit 


<= 125°C 
i: 
13 
iB 
13 


a 
11 
e 
11 


NOTE: Information on typical parametric values can be found in Chapter 4. 





FUNCTION TABLE 


Address Latch 


Contents # ee 


RB 
z 
> 
o 


Enable {| OE1 
X 

X : 

X X 

# Represents bits in the Address Latc 


X= don't care 
Z= high impedance 


Trererereioidtrerejttrreitreeixexe™ 
Tretetrertmrizteretreirieiri«k«x~x 


X 
X 
X 
L 
L 
L 
L 
H 
H 
H 
H 
L 
L 
L 
L 
H 
H 
H 
H 





Latch Output Enables 


OE2 OE3 


Outputs in 
: high-impedance 
X states 


L Data Latch 
is transparent 


L New data is 
stored in 

Data Latch 

and is not 
alterable 


h. See Address-Latch Enable pin description. 


DO-D7 = the data at inputs DO through D7 


D0,-D7,7,= the data present at inputs 


DO through D7 when the Data-Latch 


Enable pin was taken high. 
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tr tf 


ANY 30% 
10% 


INPUT 


Y ORY 





tTLH tTHL 


Figure 1. 


ADDRESS-LATCH 
ENABLE 
tPLH tPHL 
Y ORY 50% 
Figure 3. 


D0-D7 
A0-A2 


DATA-LATCH 
ENABLE 


TEST POINT 








OUTPUT 





DEVICE 
UNDER 
TEST 


* Includes all probe and jig capacitance. 


Figure 6. 





MC54/74HC354 


SWITCHING WAVEFORMS 








Vec Vec 
—— GND GND 
Y ORY 50% 
Figure 2. 
OE1, OE2 Vec 
—< Voc OE3 ) GND 
tPZL tPLZ HIGH 
St = IMPEDANCE 
YORY 
10% — VoL 
7 90% —— YOH 
IMPEDANCE - 
Figure 4. 
Vec 
GND 
Vec 
50% 
— GND 
Figure 5. 
TEST CIRCUITS 
TEST POINT 















CONNECT TO Vcc WHEN 
TESTING tp_z AND tpz;. 
CONNECT TO GND WHEN 
C,* TESTING tpyz AND tpzy. 


DEVICE 
UNDER 
TEST 


*Includes all probe and jig capacitance. 


Figure 7. 
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EXPANDED LOGIC DIAGRAM 


a 
16 
E2 
17 
E3 Se 
0 
Ai 


O 
O 
O 
A 
Address 
A 


Output 
Enables 


Inputs 


2 


Address-Latch 1 S. 
Enable 


8 
DO 
7 
D1 
D2 6 
5 
D3 
Data 
Inputs 
4 
D4 
D5 2 
pe 4 
1 
D7 


Data-Latch 9 
Enable 


19 
Pe 


3-State 
Data 
Outputs 
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MC54/74HC365 


Hex 3-State Noninverting Buffer 
with Common Enables 


High-Performance Silicon-Gate CMOS HY AAA SAAMIC 
CASE 620-09 


The MC54/74HC365 is identical in pinout to the LS365. The device inputs are 
compatible with standard CMOS outputs; with pullup resistors, they are compatible 
with LSTTL outputs. 


This device is a high-speed hex buffer with 3-state outputs and two common N SUFFIX 
active-low Output Enables. When either of the enables is high, the buffer outputs PLASTIC 
are placed into high-impedance states. The HC365 has noninverting outputs. CASE 648-08 
@ Output Drive Capability: 15 LSTTL Loads 
@ Outputs Directly Interface to CMOS, NMOS, and TTL 
@ Operating Voltage Range: 2 to 6 V 
@ Low Input Current: 1 pA 
@ High Noise Immunity Characteristic of CMOS Devices ORDERING INFORMATION 
@ In Compliance with the Requirements Defined by JEDEC Standard No. 7A 
@ Chip Complexity: 90 FETs or 22.5 Equivalent Gates MC74HCXXXN Plastic 


MC54HCXXXJ Ceramic 


Ta = —55° to 125°C for all packages. 
Dimensions in Chapter 6. 





LOGIC DIAGRAM PIN ASSIGNMENT 


OUTPUT 
ENABLE 14! ® 





7 | inputs | uta | 


PIN16=Vep : 


2 
PIN 8=GND L L 

L L 

H x 

x H 


X= don’t care 
Z=high impedance 






OUTPUT ENABLE 1 —! 
OUTPUT ENABLE 2 2 
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MAXIMUM RATINGS* 


| Parameter | Vatu | Unit 
[tin [BC Input Current, perPin dS] 
s 
in Sti 750 
+1 
TL 





This device contains protection 
circuitry to guard against damage 
due to high static voltages or electric 
fields. However, precautions must 
be taken to avoid applications of any 
voltage higher than maximum rated 
voitages to this high-impedance 
circuit. For proper operation, Vj, and 
Vout should be constrained to the 
range GND <(Vjn or Vout) = Vcc: 

Unused inputs must always be tied 
to an appropriate logic voltage level 


(e.g., either GND of Vcc). Unused 
| outputs must be left open. | 















; 
| Pp | Power Dissipation in Still Air, Plastic or Ceramic DIPt|_ 750, | mW 


ia Lead Temperature, 1 mm fromm Case for 10 Seconds 


(Plastic DIP) 
(Ceramic DIP) 
* Maximum Ratings are those values beyond which damage to the device may occur. 
Functional operation should be restricted to the Recommended Operating Conditions. 
tDerating — Plastic DIP: — 10 mW/°C from 65° to 125°C 
Ceramic DIP: —10 mW/°C from 100° to 125°C 
For high frequency or heavy load considerations, see Chapter 4. 
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RECOMMENDED OPERATING CONDITIONS 


[symbol] === Parameter = SSSS*d;CMin' | Max | Unit 
[Vcc [BE Supply Votage Referenced io GND) ——~SCSC=~d | | 
[VinnVout [BC Input Votage, Output Voltage (Referenced to GND) | 0 | Veo | V 
Ta [Operating Temperature, All Package Types ____—~+| ss | +125 | °c] 


tr, t¢ | Input Rise and Fall Time 


(Figure 1) 
Symbol 
VIH 























Test Conditions 


Minimum High-Level Input 
Voltage 


Vout= Vcc —0.1 V 
Hout] $20 pA 






















Maximum Low-Level Input 
Voltage 


Vout = 0.1 V 
lout] $20 nA 
















Minimum High-Level Output 
Voltage 


Vin= VIH 
Hout] $20 pA 























Hout| =6.0 mA 
lout! <7.8 mA 








Maximum Low-Level Output 
Voltage 


Vin= VIL 
Nout] $20 pA 


lout! <7.8 mA 


V 
4.5 
6.0 
0.26 0.40 
0.26 0.40 
[tin | Maximum input Leakage Current | Vin=Vcc or GND [60 | +01 | +10 | +10 | WA _| 
Maximum Three-State Leakage | Output in High-Ilmpedance State +0.5 +5.0 + 10.0 pA 
Current Vin= Vit or VIH 
Vout= Vcc or GND 
Icc Maximum Quiescent Supply Vin=Vcc or GND 160 pA 
Current (per Package) lout =0 #A | 


NOTE: Information on typical parametric values can be found in Chapter 4. 
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MC54/74HC365 


AC ELECTRICAL CHARACTERISTICS (C, =50 pF, Input t; =tp=6 ns) 


Parameter 


° 


Vcc 
V 
2.0 


Maximum Propagation Delay, Input A to Output Y 
(Figures 1 and 3) 


tpLz, | Maximum Propagation Delay, Output Enable to Output Y 
tpyz | (Figures 2 and 4) 


tpz_, | Maximum Propagation Delay, Output Enable to Output Y 
tp7H (Figures 2 and 4) 


tTLH. | Maximum Output Transition Time, Any Output 
tTHL (Figures 1 and 3) 


6.0 
Maximum Input Capacitance odes 


Maximum Three-State Output Capacitance (Output in High-lmpedance | 
State) 


NOTES: 
1. For propagation delays with loads other than 50 pF, see Chapter 4. 
2. Information on typical parametric values can be found in Chapter 4. 





Typical @ 25°C, Vcc =5.0 V 


Power Dissipation Capacitance (Per Buffer) 






Used to determine the no-load dynamic power consumption: 
Pp=Cpp Vec4F+!cc Vcc 


For load considerations, see Chapter 4. 










SWITCHING WAVEFORMS 
Vcc 
QUTPUT ENABLE 
* M GND 
— Vcc 
INPUT A HIGH 
GND IMPEDANCE 
OUTPUT Y 
VoL 
OUTPUT Y 
Vou 
OUTPUT Y HIGH 
IMPEDANCE 
Figure 1. Figure 2. 
TEST CIRCUITS 
TEST POINT 


TEST POINT 









OUTPUT 





DEVICE 
UNDER 
TEST 


* Includes all probe and jig capacitance. 


Figure 3. 









CONNECT TO Vcc WHEN 
TESTING tp,z AND tpz,. 
CONNECT TO GND WHEN 
C.* TESTING tpyz AND tpzy. 


DEVICE 
UNDER 
TEST 


*Includes all probe and jig capacitance. | 


Figure 4. 
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LOGIC DETAIL 


TO OTHER 
FIVE BUFFERS 





ONE OF 6 
BUFFERS 


Vec 


| ee a a a a a ea | 


rat 


OUTPUT ENABLE 1 
OUTPUT ENABLE 2 





i “LE _-__—_———_ ee _ | 
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MOTOROLA 


a SEMICONDUCTOR 
TECHNICAL DATA 


Hex 3-State Inverting Buffer 


IIC54/74HC366 
with Common Enables 


High-Performance Silicon-Gate CMOS | | mI! CERAMIC 
CASE 620-09 


The MC54/74HC366 is identical in pinout to the LS366. The device inputs are 
compatible with standard CMOS outputs; with pullup resistors, they are compatible 
with LSTTL outputs. 


This device is a high-speed hex buffer with 3-state outputs and two common N SUFFIX 
active-low Output Enables. When either of the enables is high, the buffer outputs PLASTIC 
are placed into high-impedance states. The HC366 has inverting outputs. CASE 648-08 


Output Drive Capability: 15 LSTTL Loads 

Outputs Directly Interface to CMOS, NMOS, and TTL 
Operating Voltage Range: 2 to 6 V 

Low Input Current: 1 pA 

High Noise Immunity Characteristic of CMOS Devices 
In Compliance with the Requirements Defined by JEDEC Standard No. 7A SAD ERIN INFORMATION 
Chip Complexity: 78 FETs or 19.5 Equivalent Gates MC74HCXXXN Plastic 


MC54HCXXXJ Ceramic 





Ta = —55° to 125°C for all packages. 
Dimensions in Chapter 6. 





LOGIC DIAGRAM 


PIN ASSIGNMENT 


OUTPUT 
ENABLE 14! ® 





Y5 







OUTPUT ENABLE 1 
OUTPUT ENABLE 2 


PIN 16=Vec 
PIN 8 = GND 


X= don’t care 
Z= high impedance 
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MC54/74HC366 


MAXIMUM RATINGS* 


[Symbol] Parameter ——SSS~*~*~dSCSC*~«s = 
[Wout [BC Output Votage (Referenced to GND) —*(| =O. to Voc+05 | Vv 
[—tn|B et Coen, pry gan 
[To |0€ Ov Gun errs 


we Power Dissipation in Still Air, Plastic or Ceramic DIPt a art range GND <(Vjn or Vout) S$ Vcc: 
Unused inputs must always be tied 
Storage Temperature — 65 to _ + 150 a to an appropriate logic voltage level 


Te Lead Temperature, i mm from Case for i0 Seconds | (e.g., either GND or Vcc). Unused | 
(Plastic DIP) 260 outputs must be left open. 
(Ceramic DIP) 300 


* Maximum Ratings are those values beyond which damage to the device may occur. 
Functional operation should be restricted to the Recommended Operating Conditions. 
tDerating — Plastic DIP: — 10 mW/°C from 65° to 125°C 
Ceramic DIP: — 10 mW/°C from 100° to 125°C 
For high frequency or heavy load considerations, see Chapter 4. 







This device contains protection 
circuitry to guard against damage 
due to high static voltages or electric 
fields. However, precautions’ must 
be taken to avoid applications of any 
voltage higher than maximum rated 
voltages to this high-impedance 
circuit. For proper operation, Vin and 









RECOMMENDED OPERATING CONDITIONS 


[symbol] Parameter «| SsMin «| Max | Unit 
Vcc [BE Supply Voltage Referenced to GND) ——~SC~=~iC fo | 
[Vin.Vout [DC Input Voltage, Output Voltage (Referenced to GND) | 0 | Voc | Vv 
Ta [Operating Temperature, All Package Types + 86 | +125 | °C 


ty, tf | Input Rise and Fall Time 
(Figure 1) 




















DC ELECTRICAL CHARACTERISTICS (Voltages Referenced to GND) 


Minimum High-Level Input 
Voltage 








Test Conditions 






lout] $20 pA 











Maximum Low-Level Input Vout= Vcc — 90.1 V 
Voltage Houtl $20 pA 















2.0 1.9 1.9 1.9 V 
4.5 


6. 5.9 5.9 5.9 
3.98 3.84 3.70 
5.48 5.34 5.20 
2.0 0.1 V 
4.5 0.1 
6.0 0.1 
Hout! <6.0 mA 0.26 0.40 
llout| $7.8 aan 0.26 0.40 


| lin _[ Maximum input Leakage Current | Vin=Voc or GND GLEE at 
Maximum Three-State Leakage | Output in High-impedance State ey 5 +5.0 + 10.0 
Current Vin= Vit or Vin 
Vout=Vcc or GND 
Icc Maximum Quiescent Supply Vin=Vcc or GND 
Current (per Package) lout =0 nA 


NOTE: Information on typical parametric values can be found in Chapter 4. 


Minimum High-Level Output 
Voltage 


Vin= VIL 
Houtl S20 nA 























llout|<6.0 mA 
llout| <7.8mA 









Maximum Low-Level Output 
Voltage 


Vin=VIH 
Hout] $20 pA 
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MC54/74HC366 


AC ELECTRICAL CHARACTERISTICS (Cc, =50 pF, Input t, = t¢=6 ns) 










Parameter . 


| Guaranteed Limit Limit 
25°C to 
















tpLH, | Maximum Propagation Delay, Input A to Output Y 2.0 120 145 
tPHL (Figures 1 and 3) 4.5 24 29 
6.0 20 25 

tp_z, | Maximum Propagation Delay, Output Enable to Output Y 2.0 220 275 330 
tpHz (Figures 2 and 4) 4.5 - 44 55 66 
6.0 37 47 56 

tpz_L, | Maximum Propagation Delay, Output Enable to Output Y 2.0 220 275 | 330 
tPZH (Figures 2 and 4) 4.5 44. 55 66 
6.0 37 47 56 

trLH, | Maximum Output Transition Time, Any Output 2.0 75 90 
tTHL | (Figures 1 and 3) 4.5 15 18 
6.0 13 15 

Maximum Input Capacitance 


Maximum Three-State Output Capacitance (Output in High-lmpedance i a Se ee eae 
State) 


NOTES: 
1. For propagation delays with loads other than 50 pF, see Chapter 4. 
2. Information on typical parametric values can be found in Chapter 4. 


Power Dissipation Capacitance (Per Buffer) Typical @ 25°C, Vec =5.0 V 


Used to determine the no-load dynamic power consumption: 


Pp=Cpp Vec4F+Icc Vcc 
For load considerations, see Chapter 4. 
























SWITCHING WAVEFORMS 
Vec 
y OUTPUT ENABLE 
cc GND 
—— GND tpzL = tPLZ HIGH 
IMPEDANCE 
OUTPUT Y 50% 
VoL 
OUTPUT Y 
VOH 
OUTPUT Y HIGH 
IMPEDANCE 
Figure 1. Figure 2. 
TEST CIRCUITS 
TEST POINT TEST POINT 







CONNECT TO Vcc WHEN 
TESTING tp_z AND tpz,. 
CONNECT TO GND WHEN 
C,* TESTING tpyz AND tpzy. 


DEVICE 
UNDER 
TEST 






DEVICE 
UNDER 
TEST 












* Includes all probe and jig capacitance. * Includes all probe and jig capacitance. 
Figure 3. Figure 4. 
Pe eR te ee me ee tN i a es 
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MC54/74HC366 


LOGIC DETAIL 


TO OTHER 
FIVE BUFFERS 





BUFFERS 


INPUT A 


re". = eas Sere Sa SSeS ee aS See 


L. 


OUTPUT ENABLE 1 
OUTPUT ENABLE 2 





a tt 
MOTOROLA HIGH-SPEED CMOS LOGIC DATA 


5-293 i 


MOTOROLA 


= SEMICONDUCTOR 
TECHNICAL DATA 





MIC54/74HC367 | 


Hex 3-State Noninverting Buffer 


with Separate 2-Bit and 4-Bit <= 
WY 


J SUFFIX 
\ CERAMIC 
CASE 620-09 


Sections 
High-Performance Silicon-Gate CMOS 


16 


The MC54/74HC367 is identical in pinout to the LS367. The device inputs are 


compatible with standard CMOS outputs, with pullup resistors, they are compatible N SUFFIX 
with LSTTL outputs. nil PLASTIC 
This device is arranged into 2-bit and 4-bit sections, each having its own active- CASE 648-08 
low Output Enable. When either of the enables is high, the affected buffer outputs : 

are placed into high-impedance states. The HC367 has noninverting outputs. : 


Output Drive Capability: 15 LSTTL Loads 

Outputs Directly Interface to CMOS, NMOS, and TTL 
Operating Voltage Range: 2 to 6 V ORDERING INFORMATION 
Low Input Current: 1 vA 
High Noise Immunity Characteristic of CMOS Devices MC74HCXXXN _——Plastic 
In Compliance with the Requirements Defined by JEDEC Standard No. 7A MCS4HCXXXJ =— Ceramic 
Chip Complexity: 92 FETs or 23 Equivalent Gates 


TA = —55° to 125°C for all packages. 
Dimensions in Chapter 6. 





LOGIC DIAGRAM PIN ASSIGNMENT 


OUTPUT 
ENABLE 14! ® 





FUNCTION TABLE 


Enable 1, Y 
Enable 2 

L L L 

PIN 16=Vc¢ L H H 

PIN 8=GND H x Z 


X= don’t care 
Z= high-impedance 





OUTPUT ENABLE 1 


OUTPUT ENABLE 2 
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MC54/74HC367 


MAXIMUM RATINGS* 


[symboi[ Parameter ——S~S~S~*~*~drC*‘“‘ CU 
[Vin [BC Input Votage (Referenced to GND) ~~ to Vog+18 | Vv 
[Vout [BC Output Voltage (Referenced to GND) | 0.5» Voc+05 | Vv 
in OCinput Caren, porn 
[tout | B¢ Output currant, par —SSSC~CSCS Bm 
[ice [De Supply Curent, Vog and GND Pins —SSC*dSSCi BCA 
[Pb |Power Dissipation in Stl Ai, Plastic or Carers DIPT|_750~—~—=«| mW 
[Tag [SoaseTenewenve | rie |e 


Lead Temperature, 1 mm from Case for 10 Seconds 
(Plastic DIP) 
(Ceramic DIP) 





This device contains protection 
circuitry to guard against damage 
due to high static voltages or electric 
fields. However, precautions must 
be taken to avoid applications of any 
voltage higher than maximum rated 
voltages to this high-impedance 
circuit. For proper operation, Vin and 
Vout should be constrained to the 
range GND S(Vjn or Vout) = Vcc: 

Unused inputs must always be tied 
to an appropriate logic voltage level 
(e.g., either GND or Vcc). Unused 
outputs must be left open. 








* Maximum Ratings are those values beyond which damage to the device may occur. 
Functional operation should be restricted to the Recommended Operating Conditions. 
tDerating — Plastic DIP: — 10 mW/°C from 65° to 125°C 
Ceramic DIP: — 10 mW/°C from 100° to 125°C 
For high frequency or heavy load considerations, see Chapter 4. 


RECOMMENDED OPERATING CONDITIONS 


Symbol Parameter 


|_Voc | DC Supply Voltage (Referenced to GND) : 
moe Input Voltage, Output Voltage (Referenced to GND) | 0 | Veco] ve 
| Ta | Operating Temperature, All Package Types | -55 | +125 | °c | 


input Rise and Fall Time 











Test Conditions 









Vout= Vcc — 9.1 V 
Hout] $20 pA 



















Maximum Low-Level Input 
Voltage 


Vout = 0.1 V 
Hout] $20 pA 










2.0 1.9 1.9 1.9 V 
a : : es a 


(Figure 1) 
llout| $6.0 mA 3.98 3.84 3.70 
lout] $7.8 mA 5.48 5.34 5.20 


Parameter 
Minimum High-Level Input 
” JHE 
Hout| $6.0 mA 0.26 0.40 
lout] 37-8 aC 0.26 0.40 


Voltage 
a ae Maximum Input Leakage Current | Vin=Vcc or GND 


Maximum Three-State Leakage | Output in High-lmpedance State +0.5 +5.0 + 10.0 
Current Vin = Vit or ViH 
Vout= Vcc or GND 
Icc | Maximum Quiescent Supply Vin=Vcc or GND 
Current (per Package) _ {lout = 0 vA 


NOTE: Information on typical parametric values can be found in Chapter 4. 






Minimum High-Level Output 
Voltage 


Vin=VIH 
llout| $20 pA 




























Maximum Low-Level Output 
Voltage 


Vin=VIL 
Houtl $20 pA 
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AC ELECTRICAL CHARACTERISTICS (C; =50 pF, Input tp=tg=6 ns) __ . 
. . | Guaranteed Limit —_—| Limit 
Symbol Parameter mee 25°C to 4 re 
_ 55°C <85 C |} s125°C 
tpLH, | Maximum Propagation Delay, Input A to Output Y 2.0 en 150 180 
tPHL (Figures 1 and 3) 4.5 30 
; 6.0 26 
tp_z, | Maximum Propagation Delay, Output Enable to Output Y 2.0 175 220 pa 
tPHZ (Figures 2 and 4) 4.5 = 44 
6.0 37 









Ww & 
o 






| tpzi, | Maximum Propagation Delay, Output Enable to Output Y 2.0 190 240 pal 
tPZH (Figures 2 and 4) | 4.5 38 48 
6.0 32 41 
tTLH, | Maximum Output Transition Time, Any Output 75 
tTHL | (Figures 1 and 3) 4.5 
6.0 
| Cin | Maximum Input Capacitance ae ae ee 
Maximum Three-State Output Capacitance (Output in High-Impedance ae Le 
State) 


NOTES: 
1. For propagation delays with loads other than 50 pF, see Chapter 4. 
2. Information on typical parametric values can be found in Chapter 4. 


Power Dissipation Capacitance (Per Buffer) Typical @ 25°C, Vcc =5.0 V 


Used to determine the no-load dynamic power consumption: 


Pp=Cpp Vcc4f+Icec Vec 
For load considerations, see Chapter 4. 


















15 
13 
Loess 


























SWITCHING WAVEFORMS 
Vec 
OUTPUT ENABLE 
— ec GND 
INPUT A 

GND HIGH 

IMPEDANCE 
OUTPUT Y 
VoL 
OUTPUT Y 

90% — Vou 

OUTPUT Y HIGH 
IMPEDANCE 

Figure 1. Figure 2. 
TEST CIRCUITS 
TEST POINT HES) Powe 
° ] CONNECT TO Vcc WHEN 
TESTING tp_z AND tp7;. 
_ DEVICE DEVICE CONNECT TO GND WHEN 
UNDER cy * UNDER c, * TESTING tpy7 AND tpzy 
TEST | L TEST T L * 
* Includes all probe and jig capacitance. * includes all probe and jig capacitance. 
Figure 3. Figure 4. 
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TO OTHER 
BUFFERS 
(TELAT, 


ONE OF 6 
BUFFERS 








a a Bg i 
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MOTOROLA 


m= SEMICONDUCTOR 
TECHNICAL DATA 





MC54/74HC368 


Hex 3-State Inverting Buffer | 
with Separate 2-Bit and 4-Bit 


J SUFFIX 


Sections | : ; M) CERAMIC 


CASE 620-09 


High-Performance Silicon-Gate CMOS 


The MC54/74HC368 is identical in pinout to the LS368. The device inputs are 
compatible with standard CMOS outputs, with pullup resistors, they are compatible N SUFFIX 
with LSTTL outputs. PLASTIC 

This device is arranged into 2-bit and 4-bit sections, each having its own active- CASE 648-08 
low Output Enable. When either of the enables is high, the affected buffer outputs 
are placed into high-impedance states. The HC368 has inverting outputs. 


@ Output Drive Capability: 15 LSTTL Loads 

® Outputs Directly Interface to CMOS, NMOS, and TTL : 

® Operating Voltage Range: 2 to 6 V ORDERING INFORMATION 
@ Low Input Current: 1 nA 

@ High Noise Immunity Characteristic of CMOS Devices MC74HCXXXN Plastic 

@ In Compliance with the Requirements Defined by JEDEC Standard No. 7A MCBIHCAXXS | Ceramic 
® 


Chip Complexity: 80 FETs or 20 Equivalent Gates 


Ta = —55° to 125°C for all packages. 
Dimensions in Chapter 6. 





LOGIC DIAGRAM PIN ASSIGNMENT 


OUTPUT 
ENABLE 14! ® 


no~2 + sc 3_ yo 
uc laSe a yy 
a2 2 Sc 7 ye 
aslo Sc 2 y3 


Pett 
3 : FUNCTION TABLE 
Enable 1, Y 
Enable 2 
OUTPUT ENABLE 1 — 1 > L L H 
L H L 
OUTPUT ENABLE 2 — = H x Z 
. & | X= don’t care 
PIN 16=Vec Z= high-impedance 
PIN 8 = GND 





A4: 


A5 








MOTOROLA HIGH-SPEED CMOS LOGIC DATA 
5-298 


MC54/74HC368 


MAXIMUM RATINGS* 


Symbol 
DC Supply Voltage (Referenced to GND) —0.5 to +7.0 
DC Input Voltage (Referenced to GND) —1.5 to Vec+ 1.5 
C 
L. 













This device contains protection 
circuitry to guard against damage 
due to high static voltages or electric 
fields. However, precautions must 
be taken to avoid applications of any 
voltage higher than maximum rated 
voltages to this high-impedance 
circuit. For proper operation, Vj; and 
Vout Should be constrained to the 
range GND <(Vjn or Vout) = Vcc. 

Unused inputs must always be tied 
to an appropriate logic voltage level 
(e.g., either GND or Vcc). Unused 
outputs must be left open. 


v 
Tin [BC input Curent, perrin—SYa 
[Po _ [Power Dist in Sti Ar, Paste or Corie DPT] 780 ——* 


T 





Lead Temperature, 1 mm from Case for 10 Seconds 
(Plastic DIP) 
(Ceramic DIP) 


*Maximum Ratings are those values beyond which damage to the device may occur. 
Functional operation should be restricted to the Recommended Operating Conditions. 
tDerating — Plastic DIP: —10 mW/°C from 65° to 125°C 
Ceramic DIP: — 10 mW/°C from 100° to 125°C 
For high frequency or heavy load considerations, see Chapter 4. 






RECOMMENDED OPERATING CONDITIONS 


tr, tf | Input Rise and Fall Time 
(Figure 1) 


Symbol Parameter 


Minimum High-Level Input 
VOL . Vv 
6.0 0.1 | 
0.26 0.40 
llout| <=7.8 mA 0.26 0.40 


Voltage 
| tin _| Maximum Input Leakage Current | Vin= Vcc or GND 


loz Maximum Three-State Leakage | Output in High-lmpedance State +0.5 +5.0 + 10.0 pA 
Current Vin= Vit or VIH 
, Vout=Vcc or GND 
lec Maximum Quiescent Supply Vin=Vcc or GND pA 
Current (per Package) lout =90 pA 


NOTE: Information on typical parametric values can be found in Chapter 4. 

































Vout= 0.1 V 
llout| $20 pA 










Maximum Low-Level Input Vout=Vcc —9.1 V 
Voltage Hout] $20 pA 
















Minimum High-Level Output 
Voltage 


Vin= VIL 
lout] $20 pA 












llout| $6.0 mA 






Maximum Low-Level Output 
Voltage 


Vin=VIH 
out| $20 pA 
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AC ELECTRICAL CHARACTERISTICS (C, =50 pF, Input t,=t¢=6 ns) 


Maximum Propagation Delay, Input A to Output Y 
(Figures 1 and 3) 


tPLH. 
‘PHL 





(Figures 2 and 4) 


(Figures 2 and 4) 


Maximum Output Transition Time, Any Output 
(Figures 1 and 3) 


| Cin [Maximum Input Capacitance = ss—(‘i‘s@Y Maximum [Maximum Input Capacitance =  ssi‘is*s*z Capacitance 





NOTES: 


1. For propagation delays with loads other than 50 pF, see Chapter 4. 
2. Information on typical parametric values can be found in Chapter 4. 


Power Dissipation Capacitance (Per Buffer) 


Used to determine the no-load dynamic power consumption: 


Pp=Cpp Vec2ft+icc Vcc 


Maximum Propagation Delay, Output Enable to Output Y 


Maximum Propagation Delay, Output Enable to Output Y 


Cout | Maximum Three-State Output Capacitance (Output in High-Ilmpedance ce 
State) 





Guaranteed Limit 


25°C to : a 
oases 
2.0 
4.5 | 


















Typical @ 25°C, Voc =5.0 V 





For load considerations, see Chapter 4. 


SWITCHING WAVEFORMS 








INPUT A 


OUTPUT Y 


Figure 1. 


OUTPUT ENABLE 


Vec 








—— GND 






'PZL tPLZ 


HIGH 
IMPEDANCE 


OUTPUT Y 50% 






VoL 


VoH 


HIGH 
IMPEDANCE 


OUTPUT Y 


Figure 2. 


TEST CIRCUITS 


TEST POINT 







DEVICE 
UNDER 
TEST 







*Includes all probe and jig capacitance. 


Figure 3. 


TEST POINT 






CONNECT TO Ve¢ WHEN 
TESTING tp_z AND tpz;. 
| CONNECT TO GND WHEN 
cL* TESTING tpy7 AND tpzy. 


DEVICE 
UNDER 
TEST 








* Includes all probe and jig capacitance. 


Figure 4. 





MOTOROLA HIGH-SPEED CMOS LOGIC DATA 


MC54/74HC368 


LOGIC DETAIL 


TO OTHER 
BUFFERS 





ONE OF 61 


BUFFERS ! 


+ 





rae 






OUTPUT ENABLE 
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MC54/74HC373 


Octal 3-State Noninverting 


Transparent Latch 
High-Performance Silicon-Gate CMOS 


J SUFFIX 
CERAMIC 
CASE 732-03 


1 
N SUFFIX 
PLASTIC 

CASE 738-03 
20 
1 
> 
1 


The MC54/74HC373 is identical in pinout to the LS373. The device inputs are 
compatible with standard CMOS outputs; with pullup resistors, they are compatible 
with LSTTL outputs. 

These latches appear transparent to data (i.e., the outputs change asynchron- 
ously) when Latch Enable is high. When Latch Enable goes low, data meeting the 
setup and hold time becomes latched. 

The Output Enable input does not affect the state of the latches, but when Out- 
put Enable is high, all device outputs are forced to the high-impedance state. Thus, 
data may be latched even when the outputs are not enabled. 

The HC373 is identical in function to the HC573, which has the input pins on the 
opposite side of the package from the output pins. This device is similar in function 
to the HC533, which has inverting outputs. 


DW SUFFIX 
SOIC 
CASE 751D-03 


ORDERING INFORMATION 


@ Output Drive Capability: 15 LSTTL Loads MC74HCXXXN Plastic 

@ Outputs Directly Interface to CMOS, NMOS, and TTL MC54HCXXXJ Ceramic 

@ Operating Voltage Range: 2 to 6 V | MC74HCXXXDW = SOIC 

@ Low Input Current: 1 pA 

@® High Noise Immunity Characteristic of CMOS Devices Ta = —55° to 125°C for all packages. 
® In Compliance with the Requirements Defined by JEDEC Standard No. 7A Dimensions in Chapter 6. 

@ 


Chip Complexity: 186 FETs or 46.5 Equivalent Gates 





PIN ASSIGNMENT 


OUTPUT ENABLE {j 1 @ 


LOGIC DIAGRAM 


DO ‘00 

D1 a1 

p2 a2 
DATA § D3 Q3 | NONINVERTING 
INPUTS 9 4 a4 { OUTPUTS 


11 U LATCH ENABLE 





FUNCTION TABLE 





OUTPUT ENABLE Enable | Enable 
PIN 20=Vec 
PIN 10=GND 


change 
Z 


X= don’t care 
Z= high impedance 
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MC54/74HC373 


MAXIMUM RATINGS* 


Symbol | Parameter, =| Value | Unit __ 
DC Supply Voltage (Referenced to GND) —0.5 to +7.0 
DC Input Voltage (Referenced to GND) -1.5 to Voc +15 

cc 













This device contains protection 
circuitry to guard against damage 
due to high static voltages or electric 
fields. However, precautions must 
be taken to avoid applications of any 
voltage higher than maximum rated 
voltages to this high-impedance 
circuit. For proper operation, Vjn and 
Vout should be constrained to the 
range GND <(Vin or Vout) = Vcc: 

Unused inputs must always be tied 
to an appropriate logic voltage level 
(e.g., either GND or Vcc). Unused 
outputs must be left open. 


Tin [OC input Curent, per Pini 
C 
C 







Power Dissipation in Still Air, Plastic or Ceramic DIPT 750 mW 
SOIC Packaget 500 


Storage Temperature —65 to +150 


Lead Temperature, 1 mm from Case for 10 Seconds S 
(Plastic DIP or SOIC Package) 260 
(Ceramic DIP) 300 


*Maximum Ratings are those values beyond which damage to the device may occur. 
Functional operation should be restricted to the Recommended Operating Conditions. 
tDerating — Plastic DIP: — 10 mW/°C from 65° to 125°C 
Ceramic DIP: —10 mW/°C from 100° to 125°C 
SOIC Package: —7 mW/°C from 65° to 125°C 
For high frequency or heavy load considerations, see Chapter 4. 


: 


RECOMMENDED OPERATING CONDITIONS 


Input Rise and Fall Time 
(Figure 1) 


Test Conditions 


Minimum High-Level Input 
Voltage 


Maximum Low-Level Input 
Voltage 


Vout=0.1 V or Vec—0.1 V 
lloutl $20 HA 


Vout=0.1 V or Voc —0.1 V 
lout! $20 pA 


Guaranteed Limit 
Voc 25°C to 
2.0 
4.5 
6.0 
2.0 
4.5 
6.0 


5.9 
Vin=VIH oF ViL 


Maximum Low-Level Output Vin=VIH OF VIL 


Voltage llout| $20 pA 


Vin=VIH oF VIL 


Minimum High-Level Output Vin=VIH or ViL 1.9 1.9 1.9 
Ilout| <6.0 mA 3.98 
lout! =7.8 mA 5 48 
0 


Voltage lout] <20 pA ; 44 | 44 
5.9 
3.84 
5.34 
2.0 
4.5 
6.0 
Maximum Three-State Leakage | Output in High-lmpedance State +0.5 +5.0 + 10.0 pA 
Current Vin = Vit or ViH | 
| Vout= Vcc or GND 





5.9 
lout} 7-8 mA 0.26 
eee 


NOTE: Information on typical parametric values can be found in Chapter 4. 
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MC54/74HC373 


AC ELECTRICAL CHARACTERISTICS (C; =50 pF, Input t,=ts=6 ns) 


tPLH, 
tPHL 
tPLH. 
tPHL 
tp_Lz, | Maximum Propagation Delay, Output Enable to O 2.0 
tpHZ (Figures 3 and 6) 4.5 
6.0 
tpz_, | Maximum Propagation Delay, Output Enable to 0 2.0 
tpZH (Figures 3 and 6) 4.5 
. 6.0 


tTLH, | Maximum Output Transition Time, Any Output 2.0 75 
tTHL (Figures 1 and 5) 4.5 15 
6.0 13 






‘go 25°C to oe a 
55°C s85°C | =125°C 
2.0 190 
38 
33 
220 
44 

















Parameter 


Maximum Propagation Delay, Input D to Q 
(Figures 1 and 5) 







4.5 
6.0 







Maximum Propagation Delay, Latch Enable to 0 
(Figures 2 and 5) 


Maximum Input Capacitance 


Cout | Maximum Three-State Output Capacitance (Output in High-lmpedance 
State) 
NOTES: — 

1. For propagation delays with loads other than 50 pF, see Chapter 4. 

2. Information on typical parametric values can be found in Chapter 4. 


Power Dissipation Capacitance (Per Latch) . 
Used to determine the no-load dynamic power consumption: 
Pp=Cpp Vcc4f+Icc Voc 

For load considerations, see Chapter 4. 





TIMING REQUIREMENTS (input t,=ts=6 ns) 


Symbol Parameter 


Minimum Setup Time, Input D to Latch Enable 
(Figure 4) 


Minimum Hold Time, Latch Enable to Input D 
(Figure 4) 


(Figure 2) 


Maximum Input Rise and Fall Times 
(Figure 1) 





aa Minimum Pulse Width, Latch Enable 


NOTE: Information on typical parametric values can be found in Chapter 4. 
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OUTPUT ENABLE 


LATCH 
ENABLE 


OUTPUT 
ENABLE 





MC54/74HC373 


SWITCHING WAVEFORMS 







INPUT OD 






Vec 







LATCH ENABLE 
—— GND 








PLH PHL 
Q 50% 
Figure 1. Figure 2. 
Vec 
— GND ; 
cc 
t t 
ee HIGH INPUT D 
IMPEDANCE 
a 50% GND 
VoL 
— Vcc 
VoH LATCH ENABLE 50% 
Q GND 
HIGH 
IMPEDANCE 
Figure 3. Figure 4. 
TEST CIRCUITS 
TEST POINT TEST POINT 







DEVICE 
UNDER 
TEST 







*includes all probe and jig capacitance. 


Figure 5. 









CONNECT TO Vcc WHEN 
TESTING tpyz AND tp7,. 
CONNECT TO GND WHEN 
TESTING tpyz AND tpzy. 


DEVICE 
UNDER 
TEST 


*Includes all probe and jig capacitance. 


Figure 6. 


EXPANDED LOGIC DIAGRAM 


DO D1 02 03 


Ng > 


| ey 
1 > 
a0 Q1 Q2 


3 4 7 8 13 14 

D Q DBC D Q 0D Q dD Q dD 60 8} 
Voy VY yy py 
. 5 : 6 g 12 15 
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D4 D5 D6 D7 
7 18 


Q3 04 Q5 Q6 Q7 
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MOTOROLA 
TECHNICAL DATA | 





NiC54/74HCT373A 
Advance Information 
Octal 3-State Noninverting 


~ ee J SUFFIX 
Transparent Latch with telat _CERAMIC 
J 
LSTTL-Compatible Inputs y 
High-Performance Silicon-Gate CMOS y OU N SUFFIX 
Naa PLASTIC 

The MC54/74HCT373A may be used as a level converter for interfacing % CASE 738-03 
TTL or NMOS outputs to High-Speed CMOS inputs. 

The HCT373A is identical in pinout to the LS373. 

The eight latches of the HCT373A are transparent D-type latches. While DW SUFFIX 
the Latch Enable is high the O outputs follow the Data Inputs. When Latch ; SOIC 
Enable is taken low, data meeting the setup and hold times becomes CASE 751D-03 - 
latched. 

The Output Enable does not affect the state of the latch, but when Output ORDERING INFORMATION 
Enable is high, all outputs are forced to the high-impedance state. Thus, MC74HCTXXXN _s—Pilastic 
data may be latched even when the outputs are not enabled. | MCS4HCTXXXJ = =—- Ceramic 

The HCT373A is identical in function to the HCT573, which has the input MC74HCTXXXDW SOIC 
pins on the opposite side of the package from the output pins. This device TA = —55° to 125°C for all packages. 


is similar in function to the HCT533, which has inverting outputs. Dimensions in Chapter 6. 


® Output Drive Capability: 15 LSTTL Loads 
® TTL/NMOS-Compatible Input Levels 





® Outputs Directly Interface to CMOS, NMOS, and TTL ~ PIN ASSIGNMENT 
® Operating Voltage Range: 4.5 to 5.5 V OUTPUT 
e@ Low Input Current: 1.0 pA | ENABLE 
@ In Compliance with the Requirements Defined by JEDEC Standard No. 7A aot 107 
@ Chip Complexity: 196 FETs or 49 Equivalent Gates 5% 5s 
® Improvements over HCT373 
© improved Propagation Delays Di D6 
@ 50% Lower Quiescent Power | af | 1 06 
@ improved Input Noise and Latchup Immunity @ se 
LOGIC DIAGRAM o2 | 05 
D0 03 D4 
ot 03 ] 04 
LATCH 
b2 GNU ENABLE 
pata f 93 NONINVERTING 
INPUTS D4 OUTPUTS 
















Internal Gate Count* | 49 | ew 
Internal Gate Propagation Delay | 158 {ons | 


LATCH ENABLE 
OUTPUT ENABLE 





Output | Latch 
Enable | Enable 


ea. L H 

L H 

L L 

os H_| x 


“Equivalent to a two-input NAND gate. X = don't care 
Z = high impedance 


PIN 20 = Vec 
PIN 10 = GND 





This document contains information on a new product. Specifications and information herein are 
subject to change without notice. 
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MC54/74HCT373A 


MAXIMUM RATINGS* 


Parameter This device contains protection cir- 

cuitry to guard against damage due to 

DC Supply Voltage (Referenced to GND) -—0.5 to +7.0 high static voltages or electric fields. 
+20 
+35 
+75 


However, precautions must be taken to 
DC Input Voltage (Referenced to GND) - 1.5 to Vcc + 1.5 avoid applications of any voltage 
higher than maximum rated voltages 


DC Output Voltage (Referenced to GND) —0.5 to Vcc + 0.5 to this high-impedance circuit. For 

: proper operation, Vin and Voyt should 

DC Input Current, per Pin ee | be constrained to the range GND < 
: (Vin OF Vout) < Vcc: 

DC Output Current, per Pin | 8B Unused inputs must always be tied 

: to an appropriate logic voltage level 

DC Supply Current, Vcc and GND Pins | s| (og either GND or Voc). Unused out 


Power Dissipation in Still Air, Plastic or Ceramic DIPt 750 puts must be left open. 
SOIC Packaget 500 


Storage Temperature —65 to +150 
TL 


Lead Temperature, 1 mm from Case for 10 Seconds 
(Plastic DIP) 260 
(Ceramic DIP) 300 


*Maximum Ratings are those values beyond which damage to the device may occur. 
Functional operation should be restricted to the Recommended Operating Conditions. 


RECOMMENDED OPERATING CONDITIONS 


[smbot| SS CParamter 
DC Supply Voltage (Referenced to GND) 































2.0 V 
2.0 





VIH Minimum High-Level Input Vout = 9.1 VorVcc — 0.1 V 
Voltage lout] < 20 pA 


VIL Maximum Low-Level Input Vout = 0.1 Vor Vcc — 0.1 V 
Voltage lout! < 20 wA 













Minimum High-Level Output 
Voltage 


VOH Vin = ViH or VIL 


lout] < 20 nA 


Vin = Vin or Vit 
lout Ss 6.0 mA 











Maximum Low-Level Output 
Voltage 


Vin = VIH oF VIL 
llourl < 20 pA | 

Vin = VIH oF VIL 
llout| —< 6.0 mA 










Maximum Three-State Leakage 
Current 


Output in High-lmpedance State 
Vin = ViL or VI 
Vout = Vcc or GND 


Icc Maximum Quiescent Supply Vin = Vcc or GND 
Current (per Package) lout = 0 vA 


Additional Quiescent Supply Vin = 2.4 V, Any One Input 
Current Vin = Vcc or GND, Other inputs 
lout = 0 uA 
















NOTE 1. Total Supply Current = Icc + 2Alcc. 
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AC ELECTRICAL CHARACTERISTICS (Vcc = 5.0 V + 10%, Cy = 50 pF, Input ty = t¢ = 6.0 ns) 


Parameter 25°C to 


tpLH. | Maximum Propagation Delay, Input D to 

tPHL (Figures 1 and 5) 

tpLH, | Maximum Propagation Delay, Latch Enable to 0 
tPHL (Figures 2 and 5) 

tpLz, | Maximum Propagation Delay, Output Enable to 0 
tPHZ (Figures 3 and 6) 


tPZL. Maximum Propagation Delay, Output Enable to Q - 
tpZH (Figures 3 and 6) 
























Maximum Input Capacitance 


tTLH, | Maximum Output Transition Time, Any Output 
tTHL - (Figures 1 and 5) 


Maximum Three-State Gutput Capacitance (Output in High-impedance State 


Power Dissipation Capacitance (Per Latch) 
Used to determine the no-load dynamic power consumption: 


Pp = Cpp Vcc2f + Icc Vcc 





TIMING REQUIREMENTS (Vcc = 5.0 V +10%, Input t, = ty = 6.0 ns) 






Parameter 


Minimum Setup Time, Input D to Latch Enable 
(Figure 4) 

Minimum Hold Time, Latch Enable to Input D 
(Figure 4) 








Minimum Pulse Width, Latch Enable 
(Figure 2) 
Maximum Input Rise and Fall Times 
(Figure 1) ; 


EXPANDED LOGIC DIAGRAM 


DO Dt D2 D3 D4 D5 Dé D7 
3 4 7 8 13 14 17 18 
D 0 D a D 0 DO DQ Da Da D a 
LE LE LE LE LE LE LE LE 
LATCH “d > 
- ae mV VY VY 
OUTPUT 4 > a tc La a S 2 | 
| 2 5 6 9 12 5 


ENABLE 16 +s 
Qo Q1 Q2 03 04 05 06 Q7 
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SWITCHING WAVEFORMS 






























—3V 
nt? LATCH ENABLE 
GND 
tPLH tPHL 
Q 13V 
Figure 1. Figure 2. 
OUTPUT 3V 
ENABLE = 
HIGH 3V 
0 IMPEDANCE INPUT D 
¥ 10% V | GND 
2 a VOU 
| VOH 3V 
A ROO eee 
Q aus LATCH ENABLE 
HIGH . GND 
IMPEDANCE 
Figure 3. Figure 4. 
TEST CIRCUITS 
TEST POINT TEST POINT 
CONNECT TO Vcc WHEN 
evice = shell TESTING tpiz AND tpt. 
UNDER ae CONNECT TO GND WHEN 
% 
TEST CL TEST CL* TESTING tpyz AND tp2y. 
*includes all probe and jig capacitance. *Includes all. probe and jig capacitance. 
Figure 5. Figure 6. 
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MOTOROLA 


a SEMICONDUCTOR 
TECHNICAL DATA 





MC54/74HC374 


Octal 3-State 
Noninverting D Flip-Flop 
High-Performance Silicon-Gate CMOS 


J SUFFIX 
CERAMIC 
CASE 732-03 


_ N SUFFIX 
PLASTIC 
CASE 738-03 





The MC54/74HC374 is identical in pinout to the LS374. The device inputs are 
compatible with standard CMOS outputs; with pullup resistors, they are compatible 
with LSTTL outputs. 

Data meeting the setup time is clocked to the outputs with the rising edge of the 
Clock. The Output Enable input does not affect the states of the flip-flops, but 
when Output Enable is high, the outputs are forced to the high-impedance state; 
thus, data may be stored even when the outputs are not enabled. 

The HC374 is identical in function to the HC574, which has the input pins on the 
opposite side of the package from the output pins. This device is similar in function 
to the HC534, which has inverting outputs. 


DW SUFFIX 
SOIC 
CASE 751D-03 


@ Output Drive Capability: 15 LSTTL Loads ORDERING INFORMATION 

@ Outputs Directly Interface to CMOS, NMOS, and TTL 

@ Operating Voltage Range: 2 to 6 V MC74HCXXXN Plastic 

@ Low Input Current: 1 pA MCS4HCXXXJ Ceramic 

@ High Noise Immunity Characteristic of CMOS Devices MC74HCXXXDW SOIC 

@ In Compliance with the Requirements Defined by JEDEC Standard No. 7A 

@ Chip Complexity: 266 FETs or 66.5 Equivalent Gates TA = —55° to 125°C for all packages. 


Dimensions in Chapter 6. 





PIN ASSIGNMENT 


Output Enable{}1 © 


LOGIC DIAGRAM 


Data 
Inputs 


Noninverting 
Outputs 





= EIearal 
Pin 20=Vcc — Clock 


Pin 10= GND 
L, HN 
X 


X= don't care 
Z= high impedance 
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MAXIMUM RATINGS* 


[symbot| Parameter 

v 
[tin [DC input Curent, perPinSSSC*dSn@ 
[our [DC Output Curent, par Pin —SSS*dCOn mk 




















Power Dissipation in Still Air, Plastic or Ceramic DIPTt 750 mW 
SOIC Packaget 500 


Storage Temperature ~—65 to +150 1 °c | 


Lead Temperature, 1 mm from Case for 10 Seconds 


(Plastic DIP or SOIC Package) 
(Ceramic DIP) 
* Maximum Ratings are those values beyond which damage to the device may occur. 
Functional operation should be restricted to the Recommended Operating Conditions. 
tDerating — Plastic DIP: — 10 mW/°C from 65° to 125°C 
Ceramic DIP: — 10 mW/°C from 100° to 125°C 
SOIC Package: —7 mW/°C from 65° to 125°C 
For high frequency or heavy load considerations, see Chapter 4. 







RECOMMENDED OPERATING CONDITIONS 


| Symbol| Parameter =| Min 
DC Supply Voltage (Referenced to GND) P20" | 
A 







2.0 
DC Input Voltage, Output Voltage (Referenced to GND) Vcc 
Operating Temperature, All Package Types i“ 


tr, te | Input Rise and Fall Time 
(Figure 1) 











This device contains protection 
circuitry to guard against damage 
due to high static voltages or electric 
fields. However, precautions must 
‘be taken to avoid applications of any 
voltage higher than maximum rated 
voltages to this high-impedance 


circuit. For proper operation, Vj, and 
Vout should be constrained to the 
range GND S(Vin or Vout) = Vcc. 

Unused inputs must always be tied 
to an appropriate logic voltage level 
(e.g., either GND or Vcc). Unused 
outputs must be left open. 





Parameter Test Conditions ‘oe 


Minimum High-Level Input Vout=0.1 V or Vcc —0.1 V 
Voltage Houtl $20 pA 


Maximum Low-Level Input Vout =90-1 V or Vcc —-9.1 V 
Voltage Hloutl $20 pA 


Minimum High-Level Output Vin = ViH or Vit 
Voltage Hout] $20 pA 


5.9 
Vin = Vik or VIL Hout! 6.0 mA 3.98 
Hout] $7.8 mA 5.48 


Maximum Low-Level Output Vin= Vint or Vit 
Voltage lloutl $20 pA 


Vin = Vind or VIL Hout] 6.0 mA 


Maximum Three-State Leakage | Output in High-lmpedance State 
Current Vin= Vit or Vin 
Vout = Vcc or GND 


NOTE: Information on typical parametric values can be found in Chapter 4. 
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1.9 1.9 
4.4 4.4 4.4 


5.9 5.9 
3.84 3.70 
5.34 
0.33 
0.33 


+1.0 


1.9 








MC54/74HC374 


AC ELECTRICAL CHARACTERISTICS (C, =50 pF, Input t= t4=6 ns) 

























g | Guaranteed Limit | Limit 
Parameter aa 25°C to 
. | | | V | cesee | <85°C | <125°C 
fmax | Maximum Clock Frequency (50% Duty Cycle) 2.0 6.0 4.8 
(Figures 1 and 4) 4.5 30 (24 
6.0 35 28 
— TPLH. Maximum Propagation Delay, Clock to Q 2.0 180° 225 
tPHL (Figures 1 and 4) 4.5 36 45 
6.0 31 38 
Maximum Propagation Delay, Output Enable to O 2.0 190 
(Figures 2 and 5) 4.5 38 
| 33 
tpz_, | Maximum Propagation Delay, Output Enable to O : 150 190 
tPZH (Figures 2 and 5) : 30 38 
: 26 33 
tTLH, | Maximum Output Transition Time, Any Output : 60 75 
tTHL (Figures 1 and 4) : 12 15 : 
«6. 10 13 15 
| Cin__| Maximum Input Capacitance ee ee ee ee 
= Maximum Three-State Output Capacitance (Output in High-Impedance a ee 
State) 





NOTES: 
1. For propagation delays with loads other than 50 pF, see Chapter 4. 
2. Information on typical parametric values can be found in Chapter 4. 


Power Dissipation Capacitance (Per Flip-Flop) 

Used to determine the no-load dynamic power consumption: 
Pp=Cpp Vec*F+Icc Vcc 

For load considerations, see Chapter 4. 





TIMING REQUIREMENTS (input t,=ts=6 ns) 
| Guaranteed Limit Limit 
Parameter 


Minimum Setup Time, Data to Clock 
(Figure 3) 


Minimum Hold Time, Clock to Data 
(Figure 3) 


Minimum Pulse Width, Clock 
(Figure 1) 


Maximum Input Rise and Fall Times 
(Figure 1) 





NOTE: Information on typical parametric values can be found in Chapter 4. 
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MC54/74HC374 
SWITCHING WAVEFORMS 
v 
OUTPUT ue 
CLOCK Ente GND 
HIGH 
IMPEDANCE 
0 
VoL 
Vou 
a, 
n : HIGH 
o ie IMPEDANCE 
Figure 1. Figure 2. 
Vcc 
DATA 
GNO 
Vec 
CLOCK 50% 
—— GND 
Figure 3. 
TEST CIRCUITS 
TEST POINT TEST PORT 









DEVICE 
UNDER 
TEST 


* includes all probe and jig capacitance. 









CONNECT TO Voc WHEN 
TESTING tp_z AND tpzy. 
CONNECT TO GND WHEN 
TESTING tpyz AND tpzy. 


DEVICE 
UNDER 
TEST 







*includes all probe and jig capacitance. 






Figure 4. Figure 5. 
EXPANDED LOGIC DIAGRAM 
po D1 p2 D3 D4 D7 
3 4 7 8 18 
~O> > 7 > °> ars 
stock 1! >< | | | L, | 
yy Wy ry 
re YY YY yo 
Beer l2 5 6 9 12 15 18 tia 
oo a1 02 03 04 a5 Q6 a7 
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Advance Information 


Octal 3-State Noninverting 
D Flip-Flop with 
LSTTL-Compatible Inputs 
High-Performance Silicon-Gate CMOS 


The MC54/74HCT374A may be used as a level converter for interfacing 
TTL or NMOS outputs to High-Speed CMOS inputs. 

The HCT374A is identical in pinout to the LS374. 

Data meeting the setup and hold time is clocked to the outputs with the 
rising edge of Clock. The Output Enable does not affect the state of the flip- 

. flops, but when Output Enable is high, the outputs are forced to the high- 

impedance state. Thus, data may be stored even when the outputs are not 
enabled. 

The HCT374A is identical in function to the HCT574, which has the input 
pins on the opposite side of the package from the output pins. This device 
is similar in function to the HCT534, which has inverting outputs. 


@ Output Drive Capability: 15 LSTTL Loads 
@ TTL/NMOS-Compatible Input Levels 
© Outputs Directly Interface to CMOS, NMOS, and TTL 
® Operating Voltage Range: 4.5 to 5.5 V 
@ Low Input Current: 1.0 uA 
@ In Compliance with the Requirements Defined by JEDEC Standard No. 7A 
@ Chip Complexity: 276 FETs or 69 Equivalent Gates 
@ Improvements over HCT374 
@ Improved Propagation Delays 
@ 50% Lower Quiescent Power 
© Improved Input Noise and Latchup Immunity 


LOGIC DIAGRAM 
Do 
1 
D2 
bata J 8 NONINVERTING 
INPUTS Fog OUTPUTS 


Design Criteria 


Internal Gate Count* 





OUTPUT ENABLE 
PIN 20 = Vec Internal Gate Power Dissipation 

PIN 10 = GND 

Speed Power Product 


*Equivalent to a two-input NAND gate. 


_ This document contains information on a new product. Specifications and information herein are 
subject to change without notice. 
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NMC54/74HCT374A 


J SUFFIX 
CERAMIC 
CASE 732-03 


N SUFFIX 
PLASTIC 
CASE 738-03 


DW SUFFIX 
— SOIC 
CASE 751D-03 
ORDERING INFORMATION 


MC74HCTXXXN Plastic 
MC54HCTXXXJ Ceramic 
MC74HCTXXXDW_ SOIC 


Ta = —55° to 125°C for all packages. 
Dimensions in Chapter 6. 


PIN ASSIGNMENT 


OUTPUT 
ENABLE 


Q0 
DO 
D1 
a1 
Q2 


oo VN OD Oo BP Ww NH = 
e 


—_ 
Qo 


FUNCTION TABLE 


Output 
Enable 


L =< 
L oe ae 
L L,H, NN 
H X 


X = don’t care 
Z = high impedance 








MC54/74HCT374A 


MAXIMUM RATINGS* 


[Symbol| Parameter =| Value | Unit 
| Vec_| DC Supply Voltage (Referenced to GND) -0.5 to +7.0 
| Vin DC Input Voltage (Referenced to GND) - 1.5 to Vcc +1.5 


F tec | DC Supply Current, Vcc and GND Pins 




















This device contains protection cir- 
cuitry to guard against damage due to 
high static voltages or electric fields. 
However, precautions must be taken to 
avoid applications of any voltage 
higher than maximum rated voltages 
to this high-impedance circuit. For 
proper operation, Vin and Vout should 
be constrained to the range GND < 
(Vin OF Vout) = Vcc. 

Unused inputs must always be tied 
to an appropriate logic voltage level 
(e.g., either GND or Vcc). Unused out- 
puts must be left open. 














Power Dissipation in Still Air, Plastic or Ceramic DIPT 
SOIC Packaget 










Lead Temperature, 1 mm from Case for 10 Seconds 
(Plastic DIP) 
(Ceramic DIP) 


*Maximum Ratings are those values beyond which damage to the device may occur. 
Functional operation should be restricted to the Recommended Operating Conditions. 


RECOMMENDED OPERATING CONDITIONS 


[Symbot | ————~Parameter «Cn 
[vce _|BE Suppiy Votage Referenced io GND) ——~+dt—as 

[Vinvout | DC input Votage Output Vokage(eferencedw GNDI| 0 | Voc | _V_ 
[Ta | Operating Tomporture, Al Package Types | 55 

—<s ie 


Input Rise and Fall Time (Figure 1) 


















ee ry 
~ 


Minimum High-Level Input Vout = 0.1 Vor Vcc — 0.1 V 
Voltage lout! =< 20 pA 


Maximum Low-Level Input Vout = 0.1 Vor Vcc — 0.1 V 0.8 0.8 0.8 V 
Voltage lout] < 20 pA 0.8 0.8 0.8 


Minimum High-Level Output Vin = Viv OF VIL 
Voltage lout! < 20 pA 
Vin = VIH oF ViL 
lloutl = 6.0 mA 































Maximum Low-Level Output 
Voltage 


Vin = ViH or VIL 
lloutl < 20 uA 

Vin = Vin or VIL 
llout] = 6.0 mA 
















Output in High-lmpedance State 
Vin = Vit or Vin 
Vout = Vcc or GND 


Maximum Three-State Leakage 
Current 





Additional Quiescent Supply Vin = 2.4 V, Any One Input 


Current Vin = Vcc or GND, Other Inputs 
lout = 9 nA 





NOTE 1. Total Supply Current = Icc + 2Alcc. 
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IMIC54/74HCT374A 


AC ELECTRICAL CHARACTERISTICS (Vcc = 5.0 V + 10%, C, = 50 pF, Input ty = tp = 6.0 ns) 


Guaranteed Limit 
Parameter 
fmax Maximum Clock Frequency (50% Duty Cycle) 
(Figures 1 and 4) 
tPLH: Maximum Propagation Delay, Clock to Q 47 
| tPHL (Figures 1 and 4) 
tpLz, | Maximum Propagation Delay, Output Enable to Q 
tpHZ (Figures 2 and 5) . 
tPZL. Maximum Propagation Delay, Output Enable to 0 
tPZH (Figures 2 and 5) 


tTLH. | Maximum Output Transition Time, Any Output 
tTHL (Figures 1 and 4) 














Maximum Input Capacitance 
Maximum Three-State Output Capacitance (Output in High-lmpedance State) 


Power Dissipation Capacitance (Per Flip-Flop) 
Used to determine the no-load dynamic power consumption: 


Pp = Cpp Vec2f + lec Vec 













Guaranteed Limit 
Symbol Paramete 9 
: eat 25°C to | <esc | <125°C 
| ~ §5°C | 
Minimum Setup Time, Data to Clock 
(Figure 3) 
th Minimum Hold Time, Clock to Data 
(Figure 3) 
Minimum Pulse Width, Clock 
| | (Figure 1) | 
tr, te | Maxirnurm Input Rise and Fall Times 
___|_ (Figure 1) Me 7 
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SWITCHING WAVEFORMS 
3V 
OUTPUT 
CLOCK ENABLE —— GND 
HIGH 
7 IMPEDANCE 
10% — VOL 
Q , 90% VOH 
HIGH 
IMPEDANCE 
Figure 1. Figure 2. 
| 3V 
DATA 
GND 
3V 
CLOCK 13V 
— GND 
Figure 3. 
TEST CIRCUITS 
TEST POINT TEST POINT 
. 1 CONNECT TO Vcc WHEN 
a OUTPUT TESTING tp_z AND tpz,. 
EVICE DEVICE CONNECT TO GND WHEN 
UNDER ci UNDER Cy TESTING tpyz AND tpzy. 


TEST TEST 





*Includes all probe and jig capacitance. *Includes all probe and jig capacitance. 





Figure 4. Figure 5. 


EXPANDED LOGIC DIAGRAM 


DO D1 D2 D3 D4 D5 D6 D7 


3 4 7 8 13 14 17 
D 6Q D Q iD @Q D Q D6 D6 D6 6Q 
> C a> Cc >C ac a> C a> C a . 


cxoex Ye 





ENABLE 
Q0 1 Q2 Q3 04 Q5 06 Q7 
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MOTOROLA 


ee SEMICONDUCTOR | 
TECHNICAL DATA 





IMIC54/74HC386 


Advance Information 





= J SUFFIX 
Quad 2-Input Exclusive OR Gate PEK K| «= ceramic 
. apm Ve CASE 632-08 
High-Performance Silicon-Gate CMOS 
The MC54/74HC386 is identical in pinout to the LS386. The device inputs are SED, 
compatible with standard CMOS outputs; with pullup resistors, they are compatible Pig ee gt N SUFFIX 
with LSTTL outputs. nee PLASTIC 
The HC386 is identical in function to the HC86, but has a different pin CASE 646-06 
assignment. 
@ Output Drive Capability: 10 LSTTL Loads 
@ Outputs Directly Interface to CMOS, NMOS, and TTL D SUFFIX 
® Operating Voltage Range: 2 to 6 V SOIC 
® Low Input Current: 1 nA CASE 751A-02 
@ High Noise Immunity Characteristic of CMOS Devices 
: In Compliance with the Requirements Defined by JEDEC Standard No. 7A ORDERING INFORMATION 


Chip Complexity: 56 FETs or 14 Equivalent Gates 


MC74HCXXXN Plastic 
MC54HCXXXJ Ceramic 
MC74HCXXXD solic 


TA = -—55° to 125°C for all packages. 
Dimensions in Chapter 6. 





PIN ASSIGNMENT 


LOGIC DIAGRAM 





A2 : 4 
8 Y2 
B2 Y=A@B 


= AB + AB 
A3 g 10 
B3 
A4 12 11 sf 
1 
B4 : 
PIN 142 Veg 
PIN 7 GND 





This document contains Information on a new product. Specifications and Information herein are subject to change without notice. 
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MAXIMUM RATINGS* 


a 
[in [DC Input Current, per Pin ——SSSCSCiSSSa Ym 
[out [DC Output Current, per Pin —SSSCSC*dtC 


Power Dissipation in Still Air, Plastic or Ceramic DIPt 750 mW 
SOIC Packaget 500 


Storage Temperature —65 to + 150 


Lead Temperature, 1 mm from Case for 10 Seconds 


















This device contains protection 
circuitry to guard against damage 
due to high static voltages or electric 
fields. However, precautions must 
be taken to avoid applications of any 
voltage higher than maximum rated 
voltages to this high-impedance 
circuit. For proper operation, Vjp, and 
Vout Should be constrained to the 
range GND S(Vjn or Vout) = Vcc. 
Unused inputs must always be tied 
to an appropriate logic voltage level 
(e.g., either GND or Vcc). Unused 


| outputs must be left open. | 























(Plastic DIP or SOIC Package) 
(Ceramic DIP) 


* Maximum Ratings are those values beyond which damage to the device may occur. 
Functional operation should be restricted to the Recommended Operating Conditions. 
tDerating — Plastic DIP: — 10 mW/°C from 65° to 125°C 
Ceramic DIP: — 10 mW/°C from 100° to 125°C 
SOIC Package: —7 mW/°C from 65° to 125°C 
For high frequency or heavy load considerations, see Chapter 4. 


RECOMMENDED OPERATING CONDITIONS 


| Symbol | Parameter | Max _| 
0 | 60 | Vv 
Operating Temperature, All Package Types 


Input Rise and Fall Time 
(Figure 1) 































Parameter Test Conditions 





Guaranteed Limit 
Vcc 
V 
2.0 


c+] 
a] mem] 
Vv 






Minimum High-Level Input 
Voltage 


Vout =0.1 V or Vec -0.1 V 
| lout! $20 nA 










Maximum Low-Level Input 
Voltage 


Vout =9.1 V or Vcc —-0.1 V 
lout] $20 nA 


















Minimum High-Level Output 
Voltage 


Vin = Vin OF VIL 
Hout! $20 nA 










4.5 4.4 4,4 4.4 
6.0 5.9 5.9 5.9 
4.5 3.98 3.84 3.70 
6.0 5.48 5.34 5.20 
2.0 
4.5 
6.0 
Hout] $4.0 mA 0.26 0.40 
llout| 35.2 mA 0.26 0.40 


0.1 


re he G2 Te 








lout! =4.0 mA 
Hout! <5.2 mA 


Vin= Vin or VIL 











< 


Maximum Low-Level Output 
Voltage 


Vin=VIH oF Vit 
lout] $20 nA 








Vin=VIH oF VIL 


A Maximum Input Leakage Current | Vin=Vcc or GND 


Maximum Quiescent Supply Vin=Vcc or GND 
Current (per Package) [lout = pA 


NOTE: Information on typical parametric values can be found in Chapter 4. 
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MC54/74HC386 


AC ELECTRICAL CHARACTERISTICS (C, =50 pF, Input t, = t¢=6 ns) 
ae y [Guaranteed Limit __| Limit 
oe 
Parameter 25°C to °, a 
tptH. .| Maximum Propagation Delay, Input A or B to Output Y a i 
tPpHL (Figures 1 and 2) : 
‘ “i 


trLH. | Maximum Output Transition Time, Any Output 
tTHL (Figures 1 and 2) 


[_Cin | Maximum input Capacitance 0 Ht 


NOTES: 
1. For propagation delays with loads other than 50 pF, see Chapter 4. 
2. Information on typical parametric values can be found in Chapter 4. 





Power Dissipation Capacitance (Per Gate) Typical @ 25°C, Vcc =5.0 V 
Used to determine the no-load dynamic power consumption: 

Pp=Cpp Vec*f+Icc Vec 

For load considerations, see Chapter 4. 





TEST POINT 








DEVICE 
UNDER 
TEST 






OUTPUT Y 


* includes all probe and jig capacitance. 


Figure 1. Switching Waveforms Figure 2. Test Circuit 


EXPANDED LOGIC DIAGRAM 
(% of the Device Shown) 
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a SEMICONDUCTOR 


MOTOROLA 
TECHNICAL DATA 


Dual 4-Stage Binary Ripple 
Counter with =2 and +5 


Sections 
High-Performance Silicon-Gate CMOS 


The MC54/74HC390 is identical in pinout to the LS390. The device inputs are 
compatible with standard CMOS outputs; with pullup resistors, they are compatible 
with LSTTL outputs. 

This device consists of two independent 4-bit counters, each composed of a 
divide-by-two and a divide-by-five section. The divide-by-two and divide-by-five 
counters have separate clock inputs, and can be cascaded to implement various 
combinations of = 2 and/or +5 up to a +100 counter. 

Flip-flops internal to the counters are triggered by high-to-low transitions of the 
clock input. A separate, asynchronous reset is provided for each 4-bit counter. 
State changes of the Q outputs do not occur simultaneously because of internal 
ripple delays. Therefore, decoded output signals are subject to decoding spikes and 
should not be used as clocks or strobes except when gated with the Clock of the 
HC390. 


Output Drive Capability: 10 LSTTL Loads 

Outputs Directly Interface to CMOS, NMOS, and TTL 

Operating Voltage Range: 2 to 6 V 

Low Input Current: 1 pA 

High Noise Immunity Characteristic of CMOS Devices 

in Compliance with the Requirements Defined by JEDEC Standard No. 7A 
Chip Complexity: 244 FETs or 61 Equivalent Gates 


LOGIC DIAGRAM 










Clock A O> Counter Qn 
QB 
= 10 
Clock B Ds ae : Qc 
oun 
9 Qp 


Reset 


Pin 16=Vcc 
Pin 8=GND 





NMIC54/74HC390 


J SUFFIX 
CERAMIC 
CASE 620-09 


N SUFFIX 
PLASTIC 
CASE 648-08 


16 vit 
1 


ORDERING INFORMATION 


MC74HCXXXN Plastic 
MC54HCXXXJ Ceramic 


Ta = —55° to 125°C for all packages. 
Dimensions in Chapter 6. 





PIN ASSIGNMENT 












+2 and +5 
2 
5 
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MAXIMUM RATINGS* 


| Symbol] Parameter | Vatu | Unit_| 
aa 








This device contains protection 
circuitry to guard against damage 
due to high static voltages or electric 
fields. However, precautions must 
be taken to avoid applications of any 
voltage higher than maximum rated 
voltages to this high-impedance 












DC Supply Voltage (Referenced to GND) -0.5 to +7.0 Vv 
DC Input Voltage (Referenced to GND) ~1.5 to Veco +1.5 
DC Output Voltage (Referenced to GND) —0.5 to Voc +0.5 
ee 3 DC Output Current, per Pin - circuit. For proper operation, Vip, and 
DC Supply Current, Vcc and GND Pins Vout Should be constrained to the 
issipation in Still Air, i i 750 range GND S(Vjn or Vout) = Vcc. 
Unused inputs must always be tied 
u to an appropriate logic voltage level 
L (e.g., either GND or Vcc). Unused 
outputs must be left open. 


| Pp Power Dissipation in Still Air, Plastic or Ceramic DIPt a. ee 


Lead Temperature, 1 mm from Case for 10 Seconds 


(Plastic DIP) 
(Ceramic DIP) |. 
* Maximum Ratings are those values beyond which damage to the device may occur. 
Functional operation should be restricted to the Recommended Operating Conditions. 
tDerating — Plastic DIP: — 10 mW/°C from 65° to 125°C 
Ceramic DIP: —10 mW/°C from 100° to 125°C 
For high frequency or heavy load considerations, see Chapter 4. 





RECOMMENDED OPERATING CONDITIONS 


Max 
= 60 


tr, t¢ | Input Rise and Fall Time Vcc =2.0 V 
(Figure 1) 




















vec 25°C to 
Vv 


Test Conditions 




















































VIH Minimum High-Level Input Vout =9.1 V or Vcc —0.1 V 2.0 1.5 
Voltage llout| $20 vA 4.5 3.15 
6.0 4.2 
VIL Maximum Low-Level Input Vout =90.1 V or Vcc —-0.1 V 2.0 
Voltage Hout| $20 vA 4.5 
6.0 
Vou | Minimum High-Level Output Vin= Vi or VIL 2.0 1.9 1.9 1.9 V 
Voltage lout! $20 nA 4.5 4.4 4.4 4.4 
6.0 5.9 5.9 5.9 
Vin = Vin or VIL lout] $4.0 mA 3.98 3.84 3.70 
lloyt| $5.2 mA 5.48 5.34 5.20 
VoL |Maximum Low-Level Output Vin= Vik or VIL V 






Voltage lout! 20 pA 







2.0 

4.5 

6.0 

llourls4.0mA|] 4.5 | 0.26 0.40 
llour| s5.2mA| 6.0 | 0.26 0.40 
|__lin__| Maximum Input Leakage Current | Vin=Vcc or GND | 60 | +01 | +10 | +10 | vA | 


Maximum Quiescent Supply — | Vin = Vcc or GND pA 
Current (per Package) _ lout =0 wA By eae | . | | 


NOTE: Information on typical parametric values can be found in Chapter 4. 





Vin = Vi oF VIL 
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AC ELECTRICAL CHARACTERISTICS (C; =50 pF, input ty = tf=6 ns) 
Guaranteed Limit 


Vcc 
Parameter 25°C to 
Vv ° ° 
Maximum Clock Frequency (50% Duty Cycle) 2.0 S 4 
(Figures 1 and 3) 4.5 
6.0 


Maximum Propagation Delay, Clock A to QA 2.0 
(Figures 1 and 3) 4.5 


tPLH- 
tPHL 





tp_H, | Maximum Propagation Delay, Clock A to QC (QA connected to Clock B) 2.0 
tPHL (Figures 1 and 3) 4.5 


Maximum Propagation Delay, Clock B to OB 2.0 
(Figures 1 and 3) 4.5 


tPLH, 
tPHL 


Maximum Propagation Delay, Clock B to QC 2.0 
(Figures 1 and 3) 4.5 


tPLH. 
tPHL 


Maximum Propagation Delay, Clock B to QD 2.0 
(Figures 1 and 3) 4.5 


tPLH. 
tPHL 


Maximum Propagation Delay, Reset to any Q 2.0 
(Figures 2 and 3) 4.5 


tPHL 


Oo 
So 

—_ 
fer 





iy 


Maximum Output Transition Time, Any Output 2.0 75 
tTHL (Figures 1 and 3) 4.5 15 


in | Maximum Input Capacitance | — | 10 | 


NOTES: 
1. For propagation delays with loads other than 50 pF, see Chapter 4. 
2. Information on typical parametric values can be found in Chapter 4. 





( 


Power Dissipation Capacitance (Per Counter) 

Used to determine the no-load dynamic power consumption: 
Pp=Cpp Vec*f+icc Vcc 

For load considerations, see Chapter 4 subject listing on page 4-2. 





TIMING REQUIREMENTS (Input t, =ts=6 ns) 
| Guaranteed Limit | Limit 


Vcc 

Parameter ° 

Z 
Minimum Recovery Time, Reset Inactive to Clock A or Clock B 5s 


(Figure 2) 


— 55°C 
Minimum Pulse Width, Clock A, Clock B ; 80 
(Figure 1) : 16 
: 14 
1000 
500 
400 


Minimum Pulse Width, Reset 
(Figure 2) 


Maximum Input Rise and Fall Times 
(Figure 1) 





NOTE: Information on typical parametric values can be found in Chapter 4. 
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PIN DESCRIPTIONS 


INPUTS OUTPUTS 
CLOCK A (PINS 1, 15) and CLOCK B (PINS 4, 15) — Qa (PINS 3, 13) — Output of the + 2 counter. 
Clock A is the clock input to the + 2 counter; Clock B is the Qg, Qc, Qp (PINS 5, 6, 7, 9, 10, 11) — Outputs of the 
clock input to the +5 counter. The internal flip-flops are + 5 counter. Qp is the most significant bit. Qa is the least 
toggled by high-to-low transitions of the clock input. significant bit when the counter is connected for BCD output 
as in Figure 4. Qp is the least significant bit when the counter 
CONTROL INPUTS is Operating in the bi-quinary mode as in Figure 5. 


RESET (PINS 2, 14) — Asynchronous reset. A high at the 
Reset input prevents counting, resets the internal flip-flops, 
and forces Qa through Qp low. 


SWITCHING WAVEFORMS 





V 
ar V, CC 
Clock oe Reset 
GND GND 
Q 
0 . Vcc 
Clock 50% 
GND 
Figure 2. 


Figure 1. 


TEST CIRCUIT 


Test Point 





Output 





Device 
Under 
Test 





* Includes all probe and jig capacitance. 


Figure 3. 
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MC54/74HC390 


EXPANDED LOGIC DIAGRAM 
1, 15 
Clock A OP C QO 
al 3,13 


5, 11 
i Qg 


6, 10 
=e Qc 





7,9 
4 > QD 


TIMING DIAGRAM 
(Qa Connected to Clock B) 





Clock A 


lolatlz2}tsatlaltls]o6]t7}efololilo2tstalstel 


Reset 





-~ 
Qa ! 





Qa | 
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MC54/74HC390 


APPLICATIONS INFORMATION 


Each half of the MC54/74HC390 has independent + 2 and 
+5 sections (except for the Reset function). The +2 and 
+5 counters can be connected to give BCD or bi-quinary 
(2-5) count sequences. If output QA is connected to the Clock 
B input (Figure 4), a decade divider with BCD output is ob- 
tained. The function table for the BCD count sequence is given 
in Table 1. 


Table 1. 
BCD Count Sequence* 


pecacearaelé 









peceerennrle 
przzzzece le 
przereazed@ 
eczczrzraee 


SOON OO WN — © 





*Q~ connected to Clock B input. 


To obtain a bi-quinary count sequence, the input signal is 
connected to the Clock B input, and output Qp is connected 
to the Clock A input (Figure 5). Qa provides a 50% duty cycle 
output. The bi-quinary count sequence function table is given 
in Table 2. 


Table 2. 
Bi-Quinary Count Sequence** 


Count | On | Qc 
0 





2 2 2B S. Seer r aren ae 
Eocene Cee ee 
eo eer eee ee 





**Qp connected to Clock A input. 


CONNECTION DIAGRAMS 


Clock A 


Clock B 





Reset 


Figure 4. BCD Count 






1,15 





Clock A o> +2 OA 
Clock B QB 
Qc 
Qp 


Reset 


Figure 5. Bi-Quinary Count 
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TECHNICAL DATA 








ViIC54/74HC393 
Dual 4-Stage 


Binary Ripple Counter ere 


High-Performance Silicon-Gate CMOS <cawt A) ceramic 
a / CASE 632-08 


The MC54/74HC393 is identical in pinout to the LS393. The device inputs are 
compatible with standard CMOS outputs; with pullup resistors, they are compatible 
with LSTTL outputs. 

This device consists of two independent 4-bit binary ripple counters with parallel N SUFFIX 
outputs from each counter stage. A +256 counter can be obtained by cascading PLASTIC 
the two binary counters. CASE 646-06 

Internal flip-flops are triggered by high-to-low transitions of the clock input. Reset 
for the counters is asynchronous and active-high. State changes of the O outputs 
do not occur simultaneously because of internal ripple delays. Therefore, decoded 
output signals are subject to decoding spikes and should not be used as clocks or 
as strobes except when gated with the Clock of the HC393. 


Output Drive Capability: 10 LSTTL Loads 
Outputs Directly Interface to CMOS, NMOS, and TTL MC74HCXXXN Plastic 
Operating Voltage Range: 2 to 6 V MC54HCXXXJ Coranuc 
Low Input Current: 1 pA 

High Noise Immunity Characteristic of CMOS Devices 

In Compliance with the Requirements Defined by JEDEC Standard No. 7A 
Chip Complexity: 236 FETs or 59 Equivalent Gates 


ORDERING INFORMATION 


Ta = —55° to 125°C for all packages. 
Dimensions in Chapter 6. 





PIN ASSIGNMENT 


Clock a Q@1® 
Reset a 

Qig 

Q2, 

Q33 

Q4, 

GND 


LOGIC DIAGRAM 





FUNCTION TABLE 
X H L 
H No Change 
Pin 14=Vcc L No Change 
Pin 7=GND co No Change 
oS 


Advance to 
Next State 
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MAXIMUM RATINGS . 


ee 
| Vout _|DC Output Voltage (ReferencedtoGND) | -O.5toVec+0.6| Vv | 
| lin [OC input Current, perPin =| S20 | mA 
| lout [DC Output Current, per Pin | 28 | mA 
| icc [DC Supply Current, Vcc and GND Pins | #80 | mA 
[Po [Powe Dispton nS A Pats or omic OH] _—_—_7=0__—‘|_mW_| 


Lead Temperature, 1 mm from Case for 10 Seconds 
(Plastic DIP) 
(Ceramic DIP) 


*Maximum Ratings are those values beyond which damage to the device may occur. 
Functional operation should be restricted to the Recommended Operating Conditions. 
tDerating — Plastic DIP: —10 mW/°C from 65° to 125°C 
Ceramic DIP: — 10 mW/°C from 100° to 125°C 
For high frequency or heavy load considerations, see Chapter 4. 






























This device contains protection 
Circuitry to guard against damage 
due to high static voltages or electric 
-| fields. However, precautions must 
be taken to avoid applications of any 
voltage higher than maximum rated 
voltages to this high-impedance 
circuit. For proper operation, Vip, and 
Vout should be constrained to the 
range GNDs (Vin or Vout) sVcc: 
Unused inputs must always be tied 
to an appropriate logic voltage level 
(e.g., either GND or Vcc). Unused 
outputs must be left open. 





RECOMMENDED OPERATING CONDITIONS 


| Symbol | Parameter 
DC Supply Voltage (Referenced to GND) 


DC Input Voltage, Output Voltage (Referenced to GND) 


Operating Temperature, All Package Types 


ty, t¢ | Input Rise and Fall Time 
(Figure 1) 





DC ELECTRICAL CHARACTERISTICS (Voltages Referenced to GND) 


Guaranteed Limit 


° 
se 


Parameter Test Conditions 


Minimum High-Level Input 
Voltage 


Vout =9.1 V or Vcc —0.1 V 
Houtl $20 nA 


Maximum Low-Level Input Vout =9.1 V or Vec—-0.1 V 


Voltage 


Maximum Low-Level Output 
Voltage 


loutl $20 pA 


Vin = Vin oF ViL 
lout] $20 pA 

Vin = Vin oF VIL Itout| 4.0 mA 
lout| $5.2 mA 
Vin=VIH oF VIL 
Houtl $20 pA 

Vin= Ving or Vit Houtl 4.0 mA 
lout! <=5.2 mA 


Maximum Input Leakage Current | Vin=Vcc or GND 


Maximum Quiescent Supply 
Current (per Package) 





VoH | Minimum High-Level Output 
Voltage 


Vin=Vecc or GND 
lout =9 vA 


NOTE: information on typical parametric values can be found in Chapter 4. 
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MC54/74HC393 


AC ELECTRICAL CHARACTERISTICS (C,_ =50 pF, Input t,=ts=6 ns) 
Parameter 


Maximum Clock Frequency (50% Duty Cycle) 
(Figures 1 and 3) 


Maximum Propagation Delay, Clock to Q1 
(Figures 1 and 3) 


Maximum Propagation Delay, Clock to Q2 
(Figures 1 and 3) 


Maximum Propagation Delay, Clock to Q3 
(Figures 1 and 3) 


Maximum Propagation Delay, Clock to 04 
(Figures 1 and 3) 


Maximum Propagation Delay, Reset to any Q 
(Figures 2 and 3) 


tTLH. | Maximum Output Transition Time, Any Output 
(Figures 1 and 3) 





NOTES: 
1. For propagation delays with loads other than 50 pF, see Chapter 4. 
2. Information on typical parametric values can be found in Chapter 4. 


Power Dissipation Capacitance (Per Counter) Typical @ 25°C, Voc =5.0 V 
Used to determine the no-load dynamic power consumption: 

Pp=Cpp Vec2F+Icc Voc 

For load considerations, see Chapter 4. 





TIMING REQUIREMENTS (input t, = t¢=6 ns) 










Guaranteed Limit 


Vcc 
Parameter 25°C to 
Vv ° ° 
Minimum Recovery Time, Reset Inactive to Clock 2.0 75 
(Figure 2) 4.5 15 
6.0 13 


Minimum Pulse Width, Clock | 2.0 
(Figure 1) 4.5 


80 
16 
14 
Minimum Pulse Width, Reset 2.0 
(Figure 2) 4.5 
6.0 
1000 
; 500 
; 400 






Maximum Input Rise and Fall Times 
(Figure 1) 






NOTE: Information on typical parametric values can be found in Chapter 4. 
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MC54/74HC393 


PIN DESCRIPTIONS 


INPUTS 
CLOCK (PINS 1, 13) — Clock input. The internal flip-flops separate reset is provided for each counter. A high at the Reset 
are toggled and the counter state advances on high-to-low input prevents counting and forces all four outputs low. 
transitions of the clock input. 
OUTPUTS 
CONTROL INPUTS © Qi, Q2, 03, 04 (PINS 3, 4, 5, 6, 8, 9, 10, 11) — Parallel 


RESET (PINS 2, 12) — Active-high, asynchronous reset. A binary outputs. Q4 is the most significant bit. 


SWITCHING WAVEFORMS 





— Vv —— VCC 
Clock se Reset 
GND GND 
Q 
Q — Vcc 
Clock 
GND 
Figure 1. | Figure 2. 
EXPANDED LOGIC DIAGRAM 
Test Point Clock 1, 13 





Output 





* Includes all probe and jig capacitance. 


Figure 3. Test Circuit | 


2, 12 
Reset 
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TIMING DIAGRAM 


fo ]rf2]}3],4]s5]e6f7] 8] 9 [of] 2] 3] 4] 6] o | 


cock [LJ LP LILI LILI LILI LI LILI LILI LILI LI] 


COUNT SEQUENCE 


"o [oe | @ [a 
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aa SEMICONDUCTOR 


MOTOROLA 
TECHNICAL DATA 


Octal 3-State inverting 


Transparent Latch 
High-Performance Silicon-Gate CMOS 


The MC54/74HC533 is identical in pinout to the LS533. The device inputs are 
compatible with standard CMOS outputs; with pullup resistors, they are compatible 
with LSTTL outputs. 

These latches appear transparent to date (i.e., the outputs change asynchron- 


ously) when Latch Enable is high. The data appears at the outputs in inverted form. 


When Latch Enable goes low, data meeting the setup and hold time becomes 
latched. 

The Output Enable input does not affect the state of the latches, but when Out- 
put Enable is high, all device outputs are forced to the high-impedance state. Thus, 
data may be latched even when the outputs are not enabled. 

The HC533 is identical in function to the HC563, which has the input pins on the 
opposite side of the package from the output pins. This device is similar in function 
to the HC373, which has noninverting outputs. 


Output Drive Capability: 15 LSTTL Loads 

Outputs Directly Interface to CMOS, NMOS, and TTL 

Operating Voltage Range: 2 to 6 V 

Low Input Current: 1 pA 

High Noise Immunity Characteristic of CMOS Devices 

In Compliance with the Requirements Defined by JEDEC Standard No. 7A 
Chip Complexity: 256 FETs or 64 Equivalent Gates 


LOGIC DIAGRAM 


po 
D1 
p2 
DATA J 93 INVERTING 
INPUTS } pq OUTPUTS 


LATCH ENABLE 





OUTPUT ENABLE 


PIN 20= Voc 
PIN 10= GND 














MC54/74HC533 


J SUFFIX 
CERAMIC 
CASE 732-03 


N SUFFIX 
PLASTIC 
CASE 738-03 


DW SUFFIX 
SOIC 
CASE 751D-03 





ORDERING INFORMATION 
MC74HCXXXN Plastic 


MC54HCXXXJ Ceramic 
MC74HCXXXDW_ SOIC 


Ta = —55° to 125°C for all packages. 
Dimensions in Chapter 6. 


PIN ASSIGNMENT 


OUTPUT ENABLE {j 1 © 


11 [LATCH ENABLE 


FUNCTION TABLE 


Output Latch 
Enable | Enable 


H 


H 
H L 
L X 
X X 


X=don’t care 
Z=high impedance 





MOTOROLA HIGH-SPEED CMOS LOGIC DATA 


5-332 


MC54/74HC533 


MAXIMUM RATINGS* 


Symbol| _——~~S~CsParameter——~=SS™S*~*~*dYCSC*<C~«s | 
Voc 
: 
















This device contains protection 
circuitry to guard against damage 
due to high static voltages or electric 
fields. However, precautions must 
be taken to avoid applications of any 
voltage higher than maximum rated 
voltages to this high-impedance 


DC Input Current, per Pin 
DC Output Current, per Pin 
DC Supply Current, Vcc and GND Pins 


Power Dissipation in Still Air, Plastic or Ceramic DIPT 750 mW 
SOIC Packaget 500 


TL 


Lead Temperature, 1 mm from Case for 10 Seconds 2C¢ 
260 
300 


(Plastic DIP or SOIC Package) 
(Ceramic DIP) 
* Maximum Ratings are those values beyond which damage to the device may occur. 
Functional operation should be restricted to the Recommended Operating Conditions. 
tDerating — Plastic DIP: — 10 mW/°C from 65° to 125°C 
Ceramic DIP: — 10 mW/°C from 100° to 125°C 
SOIC Package: —7 mW/°C from 65° to 125°C 
For high frequency or heavy load considerations, see Chapter 4. 


circuit. For proper operation, Vjpj, and 
Vout should be constrained to the 
range GND S(Vin or Vout) S Vcc: 

Unused inputs must always be tied 
to an appropriate logic voltage level 
(e.g., either GND or Vcc). Unused 
outputs must be left open. 


Icc 

















RECOMMENDED OPERATING CONDITIONS 


[Symbol] Parameter SSSSS*dYSCMn«|sMax | Unit 
vec [BC Supply Vatage (Referenced to GND) ———~—~SC~dtCo | eo | 
Vin.Wout [DC Input Voltage, Output Votage (Referenced to GNO| | 0 | Veo |v 
[Ta [Operating Temperature, All Package Types «| —e6 | +125 | °C 


Input Rise and Fall Time 1000 
(Figure 1) 500 
400 




















DC ELECTRICAL CHARACTERISTICS (Voltages Referenced to GND) 






Guaranteed Limit 
VEC 75°C to 
55°C =85°C | <126°C 
2.0 V 
4.6 | 
0.3 0.3 


45 | 44 4.4 4.4 






Test Conditions 


Vout™9.1 V or Vec-9.1 V 
llout| $20 vA 
























Maximum Low-Level Input 
Voltage 


Vout=9.1 V or Voc -0.1 V 
Hout $20 nA 















Minimum High-Level Output 
Voltage 


Vin™ Vi or Vit 
| llout! $20 wA 


6.0 5.9 5.9 5.9 
Vin = Vir or Vit lout] s6.0 mA} 4.5 3.98 3.84 3.70 
llout|$7.8mA| 6.0 | 6.48 6.34 | 6,20 


VIH 
Vin = Vint or Vit 2.0 
4.5 
| 6.0 
\Iout| 36.0 mA 


Minimum High-Level Input 
VOL 
| lloutl $20 nA 
| 4.6 0.26 0.40 
lloyt|s7.8mA} 6.0 0.26 0.40 


Voltage 
[lin [Maximum Input Leskage Current |Vin=Vec or GND | to | tot | to | sto | A _| 


Maximum Three-State Leakage | Output in High-lmpedance State +0.5 +5.0 + 10.0 pA 
Currant Vin = Vit or Vi 
Vout= Vcc or GND | | 
lcc | Maximum Quiescent Supply Vin™ Vcc or GND 6.0 pA 
_| Current (per Package) lout = 0 nA 


NOTE: Information on typical parametric values can be found In Chapter 4. 


















< 





Maximum Low-Level Output 
Voltage 









Vin = Vin or ViL 
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MC54/74HC533 


AC ELECTRICAL CHARACTERISTICS (C; =50 pF, Input t,=ts=6 ns) 


| Guaranteed Limit Limit 


Parameter 
tpLH, | Maximum Propagation Delay, Input D to Q : 
tPHL (Figures 1 and 5) : 


tpLH. | Maximum Propagation Delay, Latch Enable to O 
tPHL (Figures 2 and 5) 


tp_z, | Maximum Propagation Delay, Output Enable to Q 
tpHz (Figures 3 and 6) . 

tpz_, | Maximum Propagation Delay, Output Enable to Q 
tpZH (Figures 3 and 6) 


trTLH, | Maximum Output Transition Time, Any Output — 
tTHL (Figures 1 and 5) 


| Cin | Maximum Input Capacitance 


Cout | Maximum Three-State Output Capacitance (Output in High-lmpedance 
State) 





NOTES: 
1. For propagation delays with loads other than 50 pF, see Chapter 4. 
2. Information on typical parametric values can be found in Chapter 4. 


Power Dissipation Capacitance (Per Latch) ‘Typical @ 25°C, Vcc =5.0 V 


Used to determine the no-load dynamic power consumption: 


Pp=Cpp Vec4F+Icc Vcc 
For load considerations, see Chapter 4. 





TIMING REQUIREMENTS (Input t, = t-=6 ns) 


y | Guaranteed Limit Limit 
Parameter a ° 
=e 


Minimum Setup Time, Input D to Latch Enable 
(Figure 4) as 
6.0 





Minimum Hold Time, Latch Enable to Input D 
(Figure 4) 


Minimum Pulse Width, Latch Enable 0. 80 
(Figure 2) : 16 
14 


Maximum Input Rise and Fall Times : 1000 1000 1000 
(Figure 1) | ; 500 500 ~ 500 
«6. 400 400 400 


NOTE: Information on typical parametric values can be found in Chapter 4. 
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MC54/74HC533 


SWITCHING WAVEFORMS 













Vec 


INPUT D LATCH ENABLE 
—— GND 
tPLH = TPL 
Q 50% 
Figure 1. Figure 2. 
Voc 
OUTPUT ENABLE VALID 
— GND Vec 
IMPEDANCE ono 
a 50% tsy th 
Vot — Vcc 
LATCH ENABLE 50% 
Vou GND 
a 
HIGH 
IMPEDANCE Figure 4. 
Figure 3. 
TEST CIRCUITS 
TEST POINT TES! om 









DEVICE 
UNDER 
TEST 


* Includes all probe and jig capacitance. 


Figure 5. 









CONNECT TO Vcc WHEN 
TESTING tp_z AND tpz;. 
CONNECT TO GND WHEN 
C.* TESTING tpyz AND tpzy. 


DEVICE 
UNDER 
TEST 


*Includes all probe and jig capacitance. 


Figure 6. 


EXPANDED LOGIC DIAGRAM 


DO 01 02 D3 


3 4 7 


LATCH 


ENABLE 


a0 ai Q2 


D4 D5 D6 D7 
13 14 17 18 


LTTE) 


aN WY SN 


9 12 1 16 19 


Q3 a4 5 06 Q7 
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ae SEMICONDUCTOR 





MOTOROLA 
TECHNICAL DATA 


Octal 3-State Inverting 
Transparent Latch with 


LSTTL-Compatible Inputs 
High-Performance Silicon-Gate CMOS 


The MC54/74HCT533 may be used as a level converter for interfacing TTL or 
NMOS outputs to High-Speed CMOS inputs. 

The HCT533 is identical in pinout to the LS533. 

When Latch Enable is high, these latches appear transparent to data (i.e., the out- 
puts change asynchronously). The data appears at the outputs in inverted form. 
When Latch Enable is taken low, data meeting the set-up and hold times becomes 
latched. 

The Output Enable does not affect the state of the latch, but when Output Enable 
is Mfgh, all outputs are forced to the high-impedance state. Thus, data may be 
latched even when the outputs are not enabled. 

_ The HCTS533 is identical in function to the HCT563, which has the input pins on the 
opposite side of the package from the output pins. This device is similar in function 
to the HCT373, which has noninverting outputs. 


Output Drive Capability: 15 LSTTL Loads 

TTL/NMOS-Compatible Input Levels 

Outputs Directly Interface to CMOS, NMOS, and TTL 

Operating Voltage Range: 4.5 to 5.5 V 

Low Input Current: 1 nA 

In Compliance with the Requirements Defined by JEDEC Standard No. 7A 
Chip Complexity: 256 FETs or 64 Equivalent Gates 


LOGIC DIAGRAM 


po 
D1 
p2 
DATA § 03 INVERTING 
INPUTS } pg OUTPUTS 


LATCH ENABLE 





OUTPUT ENABLE 


PIN 20=Vcc 
PIN 10 = GND 













a Latch 
Enable Cniable: 
H 
: 









~MC54/74HCT533 


J SUFFIX 
CERAMIC 
CASE 732-03 


N SUFFIX 
PLASTIC 
CASE 738-03 


DW SUFFIX 
SOIC 
CASE 751D-03 
ORDERING INFORMATION 
MC74HCTXXXN Plastic 
MC54HCTXXXJ Ceramic 
MC74HCTXXXDW ~~ SOIC 


Ta = —55° to 125°C for all packages. 
Dimensions in Chapter 6. 


PIN ASSIGNMENT 


FUNCTION TABLE 


L 
‘ L H 
No 
L X | Change 
x 


Z 


X= don’t care 
Z=high impedance 
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MC54/74HCT533 


MAXIMUM RATINGS* 


| Symbol | Parameter | Value | Unit _| 
| lin [DC input Current, perPin | tO 

| lout_|DC Output Current, perPin | 85 | mA 
| icc [DC Supply Current, Voc and GND Pins | £75 | mA 







This device contains protection 
Circuitry to guard against damage 
due to high static voltages or electric 
fields. However, precautions must 
be taken to avoid applications of any 
voltage higher than maximum rated 
voltages to this high-impedance 










circuit. For proper operation, Vij and 
Vout Should be constrained to the 
range GND <(Vjn or Vout) S$ Vcc. 

Unused inputs must always be tied 
to an appropriate logic voltage ievei 
(e.g., either GND or Vcc). Unused 
outputs must be left open. 






Power Dissipation in Still Air, Plastic or Ceramic DIPt 750 mw 
SOIC Packaget 500 


Storage Temperature -65 to + 150 


Lead Temperature, 1 mm from Case for 10 Seconds 
(Plastic DIP or SOIC Package) 
(Ceramic DIP) 


*Maximum Ratings are those values beyond which damage to the device may occur. 
Functional operation should be restricted to the Recommended Operating Conditions. 
tDerating — Plastic DIP: — 10 mW/°C from 65° to 125°C 
Ceramic DIP: — 10 mW/°C from 100° to 125°C 
SOIC Package: —7 mW/°C from 65° to 125°C 
For high frequency or heavy load considerations, see Chapter 4. 













RECOMMENDED OPERATING CONDITIONS 


| Symbol | Parameter | Min | | Unit _| 
| Voc [DC Supply Voltage (Referenced to GND) | 4.8 
| Vin-Vout | DC input Voltage, Output Voltage (Referenced to GND) | 0 | Vcc |v __| 
T | = 55 | | ec 
EOF | | ns | 







Operating Temperature, All Package Types 


C 
Input Rise and Fall Time (Figure 1) 


V Minimum High-Level Input Vout=0.1 V or Voc -0.1 V 
Voltage lout] =20 pA 


IH 
Vit | | Maximum Low-Level Input Vout =9.1 V or Vcc —0.1 V 
Voltage lloutl S20 vA 








































VoH_ | Minimum High-Level Output Vin = VIH OF VIL 
Voltage llout| $20 pA 
Vin = ViH oF VIL 
lout! <6.0 mA 
Voit | Maximum Low-Level Output Vin = VIH or VIL 
Voltage llout| $20 pA 
Vin = Vid or VIL 
lout <=6.0 mA 






lire. Maximum Input Leakage Current | Vj,=Vcc or GND 


Maximum Three-State Leakage | Output in High-impedance State 


| 65 | 01 | +10 | +10 | A | 
+0.5 +5.0 + 10.0 pA 
Current Vin = Vit or ViH 
Icc | Maximum Quiescent Supply Vin=Vcc or GND pA 
Current (per Package) lout =0 vA 


Additional Quiescent Supply Vin =2.4 V, Any One Input 25°C to 125°C 
mA 


Current Vin=Vec or GND, Other Inputs a ae 
lout =9 vA 
NOTES: 


1. Information on typical parametric values can be found in Chapter 4. 
2. Total Supply Current=Icc+ZAlcc. 
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MC54/74HCT533 


AC ELECTRICAL CHARACTERISTICS (Vcc=5.0 V + 10%, Cj_=50 pF, Input t,=t,=6 ns) 


. Guaranteed Limit 
Symbol Parameter 25°C to 65°C: 125°C: 
_s5°c | = < 

tp_H. | Maximum Propagation Delay, Input D to Q | 
tPHL (Figures 1 and 5) 
tp_LH, | Maximum Propagation Delay, Latch Enable to 0 | 
tPHL (Figures 2 and 5) 
tpLz, | Maximum Propagation Delay, Output Enable to O 
tpHz (Figures 3 and 6) 


tpz_, | Maximum Propagation Delay, Output Enable to Q 
tpZ7H (Figures 3 and 6) . 















tTLH, | Maximum Output Transition Time, Any Output 
tTHL (Figures 1 and 5) 
Maximum Input Capacitance 


Maximum Three-State Output Capacitance (Output in High-Impedance State) 


NOTES: 
1. For propagation delays with loads other than 50 pF, see Chapter 4. 
2. Information on typical parametric values can be found in Chapter 4. 





Power Dissipation Capacitance (Per Latch) 
Used to determine the no-load dynamic power consumption: 


Pp=Cpp Vcc +Icc Vcc 
For load considerations, see Chapter 4. 





TIMING REQUIREMENTS (Vcc =5.0 V +10%, Input t-=te=6 ns) 








Parameter 


tsy Minimum Setup Time, Input D to Latch Enable 
(Figure 4) 


Minimum Hold Time, Latch Enable to Input D | 
(Figure 4) 






Minimum Pulse Width, Latch Enable | 
(Figure 2) . 

Maximum Input Rise and Fall Times 
(Figure 1) 








EXPANDED LOGIC DIAGRAM 
D0 DI 02 D3 D4 D5 D6 07 


3 4 7 8 113 14 17 18 
. 
LaTcH 4 = Be : 
ENABLE 
ouTPuT 1 1 > 


ENABLE 
2 5 6 9 12 15 16 » 419 


a0 a1 Q2 a3 a4 05 06 Q7 
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INPUT D 


Figure 1. 


MC54/74HCT533 


SWITCHING WAVEFORMS 


3.0 V 
LATCH 
ENABLE 
—— GND 





tPLH 'PHL 


1.3 V 


Figure 2. 





3.0 V 
OUTPUT 
ENABLE —— enn 
HIGH 
IMPEDANCE mole 
a 
10% —— voy 
—y LATCH 
‘ m ENABLE 
HIGH 
IMPEDANCE 
Figure 3. Figure 4. 
TEST CIRCUITS 
TEST POINT TEST POINT 






OUTPUT 





DEVICE 
UNDER 
TEST 






* Includes all probe and jig capacitance. 


Figure 5. 





CONNECT TO Veg WHEN 
TESTING tp_z AND tpz,. 
CONNECT TO GND WHEN 
TESTING tpy7 AND tpzy. 


OUTPUT 





DEVICE 
UNDER 
TEST 








*|ncludes all probe and jig capacitance. 


Figure 6. 
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MOTOROLA 


= SEMICONDUCTOR am 
TECHNICAL DATA 





VIC54/74HC534 
Octal 3-State 


Inverting D Flip-Flop ce ce 


CASE 732-03 
High-Performance Silicon-Gate CMOS 
The MC54/74HC534 is identical in pinout to the LS534. The device inputs are | _ [eee SUFFIX 
compatible with standard CMOS outputs; with pullup resistors, they are compatible Ye ore PLASTIC 


with LSTTL outputs. Nee A! CASE 738-03 

Data meeting the setup time is clocked, in inverted form, to the outputs with the 
rising edge of the Clock. The Output Enable input does not affect the states of the 
flip-flops, but when Output Enable is high, the outputs are forced to the high- | DW SUFFIX 
impedance state. Thus, data may be stored even when the outputs are not enabled. Se a SOIC 

The HC534 is identical in function to the HC564, which has the input pins on the sists CASE 751D-03 
opposite side of the package from the output pins. The device is similar in function 
to the HC374, which has noninverting outputs. 


® Output Drive Capability: 15 LSTTL Loads ORDERING INFORMATION 

© Outputs Directly Interface to CMOS, NMOS, and TTL | 

@ Operating Voltage Range: 2 to 6 V MC74HCXXXN Plastic 

® Low Input Current: 1 pA ui caeneta oa al 

@ High Noise Immunity Characteristic of CMOS Devices 

@ In Compliance with the Requirements Defined by JEDEC Standard No. 7A 

@ Chip Complexity: 282 FETs or 68.5 Equivalent Gates TA = —55° to 125°C for all packages. 


Dimensions in Chapter 6. 





PIN ASSIGNMENT 


LOGIC DIAGRAM 


po 00 

D1 a1 

p2 02 
DATA J 93 3 | INVERTING 
INPUTS } 4 a4 ff OUTPUTS 





FUNCTION go 


[inputs 


Suit 
Enable 


PIN 20=Vcc : 
PIN 10 = GND . No 
L,H, N 
Z 


X= don’t care 
Z=high impedance 





OUTPUT ENABLE 
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MC54/74HC534 


MAXIMUM RATINGS* 


v 
Tin [OC input Current, porn SS«S 
out | C Output Current, por Pin SSCS*dtCSS im 


Power Dissipation in Still Air, Plastic or Ceramic DIPt 750 
SOIC Packaget 500 
Storage Temperature —65 to + 150 } ec | 


Lead Temperature, 1 mm from Case for 10 Seconds 
(Plastic DiP or SOIC Package) 
(Ceramic DIP) 


*Maximum Ratings are those values beyond which damage to the device may occur. 
Functional operation should be restricted to the Recommended Operating Conditions. 
tDerating — Plastic DIP: — 10 mW/°C from 65° to 125°C 
Ceramic DIP: — 10 mW/°C from 100° to 125°C 
SOIC Package: —7 mW/°C from 65° to 125°C 
For high frequency or heavy load considerations, see Chapter 4. 










This device contains protection 
circuitry to guard against damage 
due to high static voltages or electric 
fields. However, precautions must 
be taken to avoid applications of any 
voltage higher than maximum rated 
voltages to this high-impedance 











circuit. For proper operation, Vin, and 
Vout Should be constrained to the 
range GND s(Vjp, or Vout) S Vcc: 

Unused inputs must always be tied 
to an appropriate logic voltage level 
(e.g., either GND or Vcc). Unused | 
outputs must be left open. 





RECOMMENDED OPERATING CONDITIONS 


DC Supply Voltage (Referenced to GND) 
DC Input Voltage, Output Voltage (Referenced to GND) 


Operating Temperature, All Package Types 


Input Rise and Fall Time 
(Figure 1) 


Parameter 












25°C to 3 4 
2.0 1.5 
4.5 3.15 
6.0 4.2 
2.0 
4.5 
6.0 
1.9 1.9 1.9 V 
4.4 4.4 
5.9 5.9 
3.84 3.70 
5.34 5.20 
Vin= Vin or VIL 0.40 
0.26 0.40 
Maximum Input Leakage Current | Vin=Vcc or GND 


Maximum Three-State Leakage | Output in High-lmpedance State +0.5 +5.0 + 10.0 pA 
Current Vin= Vit or ViH 
Vout = Vcc or GND 
Icc | Maximum Quiescent Supply Vin=Vcc or GND ee 
Current (per Package) lout =0 vA 


NOTE: Information on typical parametric values can be found in Chapter 4. 




















Vout=9.1 Vor Vcc —-90.1 V 
[lout] S20 pA 


Minimum High-Level Input 
Voltage 
















Vout = 0.1 Vor Vcc —0.1 V 
llourl $20 nA 


Maximum Low-Level Input 
Voltage 















Vin=ViH oF Vit 
Houtl =20 pA 


Minimum High-Level Output 
Voltage 


lout! <7.8mA 


Vin = Vind or ViL 













Vin = Vin oF VIL 
lout] $20 pA 


Maximum Low-Level Output 
Voltage 


out! <6.0 mA 
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AC ELECTRICAL CHARACTERISTICS (C, =50 pF, Input t,=t,=6 ns) 


Symbol 


Vcc 
Parameter V 25°C to <85°C 
—55°C 
Maximum Clock Frequency (50% Duty Cycle) 2.0 4.8 4.0 
(Figures 1 and 4) 4.5 24 20 | 
6.0 28 24 





tpLH. | Maximum Propagation Delay, Clock to Q 2.0 180 225 270 
tPpHL (Figures 1 and 4) . 4.5 36 45 54 
6.0 31 46 





tp_z, | Maximum Propagation Delay, Output Enable to Q 2.0 
tpHz (Figures 2 and 5) 4.5 
| 6.0 

toz,, | Maximum Propagation Delay, Output Enable to Q 2.0 
tpZH (Figures 2 and 5) 4.5 
6.0 

tTLH, | Maximum Output Transition Time, Any Output - oii 2.0 
tTHL (Figures 1 and 4) 4.5 
6.0 







| Cin | Maximum Input Capacitance 


a Maximum Three-State Output Capacitance (Output in High-Impedance iat 
State) 


NOTES: 
1. For propagation delays with loads other than 50 0 pF, see Chapter 4. 
2. Information on typical parametric values can be found in Chapter 4. 





Power Dissipation Capacitance (Per Flip-Flop) 

Used to determine the no-load dynamic power consumption: 
Pp=Cpp Vec4F+!cc Vec 

For load considerations, see Chapter 4. 





TIMING REQUIREMENTS (input ty =t¢=6 ns) 
| Guaranteed Limit | Limit 


Parameter 


Minimum Setup Time, Data to Clock 
(Figure 3) 


Minimum Hold Time, Clock to Data ; 
(Figure 3) ; 
Minimum Pulse Width, Clock | iH 


(Figure 1) 


Maximum Input Rise and Fall Times 
(Figure 1) 





NOTE: Information on typical parametric values can be found in Chapter 4. 
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SWITCHING WAVEFORMS 
























V 
OUTPUT ue 
ENABLE GND 
| tz. tpLz— >) HIGH 
IMPEDANCE 
Q 50% 
VoL 
Vou 
a HIGH 
IMPEDANCE 
Figure 1 Figure 2 
TEST POINT 
Vec OUTPUT 
DATA DEVICE 
GND UNDER 
TEST cL" 
Voc | 
CLOCK 
— GND — 
*Includes all probe and jig capacitance. 
Figure 3 Figure 4. Test Circuit 
TEST POINT 
] CONNECT TO Voc WHEN 
TESTING tp_z AND tpz,. 
jee CONNECT TO GND WHEN 
ae c.* TESTING tpyz AND tpzy. 
* (Includes all probe and jig capacitance. 
Figure 5. Test Circuit 
EXPANDED LOGIC DIAGRAM 
DO D1 D2 D3 D4 D5 D6 D7 
3 4 7 8 13 14 17 18 
| O> OD OD OD o> o> O> 
CLOCK Z >< 3 g : ) 
OUTPUT = VYVVVN VW A y 
ENABLE | 
2 5 6 9 12 15 16 19 
00 Q1 a2 Q3 04 05 Q6 Q7 
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TECHNICAL DATA 


Octal 3-State Inverting 

D Flip-Flop with 
LSTTL-Compatible Inputs 
High-Performance Silicon-Gate CMOS 


The MC54/74HCT534 may be used as a level converter for interfacing TTL or 
NMOS outputs to High-Speed CMOS inputs. 

The HCT534 is identical in pinout to the LS$534. 

Data meeting the setup and hold time is clocked, in inverted form, to the outputs 
with the rising edge of Clock. The Output Enable does not affect the state of the 
flip-flops, but when Output Enable is high, the outputs are forced to the high- 
impedance state. Thus, data may be stored even when the outputs are not enabied. 

The HCT534 is identical in function to the HCT564, which has the input pins on 
the opposite side of the package from the output pins. This device is similar in func- 
tion to the HCT374, which has noninverting outputs. 


Output Drive Capability: 15 LSTTL Loads 

TTL/NMOS-Compatible Input Levels 

Outputs Directly Interface to CMOS, NMOS, and TTL 

Operating Voltage Range: 4.5 to 5.5 V 

Low Input Current: 1 pA 

In Compliance with the Requirements Defined by JEDEC Standard No. 7A 
Chip Complexity: 229 FETs or 57 Equivalent Gates 


LOGIC DIAGRAM 


D2 02 
DATA § 03 -03 7 INVERTING 
INPUTS #04 04 OUTPUTS 





OUTPUT ENABLE 


PIN 20=Vcc 
PIN 10 =GNOD 








| MIC54/74HCT534 


J SUFFIX 
CERAMIC 
CASE 732-03 


N SUFFIX 
PLASTIC 
CASE 738-03 


DW SUFFIX 
SOIC 
CASE 751D-03 


ORDERING INFORMATION 
MC74HCTXXXN _—Plastic 


MC54HCTXXXJ Ceramic 
MC74HCTXXXDW = SOIC 


Ta = —55° to 125°C for all packages. 
Dimensions in Chapter 6. 


PIN ASSIGNMENT 


OUTPUT 
ENABLE WW! @ 


Output 
Enable 
L 


L 
L 
H 


X=don't care 
Z=high impedance 
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MAXIMUM RATINGS* 


[Vin [BC input Voltage (Referenced to GND)_———~+(| =tstovecs18 | Vv 
Tin [DC input Curent, perPin SSCS | 
tour [DC Output Current, pr Pin ——SSSCS*iCSSC Ym 
eet Fi . . ‘ ; F ‘ 750 

500 


Power Dissipation in Still Air, Plastic or Ceramic DIPt mw 
SOIC Packaget 


Lead Temperature, 1 mm from Case for 10 Seconds 


(Plastic DIP or SOIC Package) 
(Ceramic DIP) 
*Maximum Ratings are those values beyond which damage to the device may occur. 
Functional operation should be restricted to the Recommended Operating Conditions. 
tDerating — Plastic DIP: — 10 mW/°C from 65° to 125°C 
Ceramic DIP: — 10 mW/°C from 100° to 125°C 
SOIC Package: —7 mW/°C from 65° to 125°C 
For high frequency or heavy load considerations, see Chapter 4. 











This device contains protection 
circuitry to guard against damage 
due to high static voltages or electric 
fields. However, precautions must 
be taken to avoid applications of any 
voltage higher than maximum rated 
voltages to this high-impedance 












circuit. For proper operation, Vj, and 
Vout Should be constrained to the 
range GND <(Vijn or Vout) Ss Vcc. 
Unused inputs must always be tied 
to an appropriate logic voltage level 
| (e.g., either GND or Vcc). Unused 
outputs must be left open. 













RECOMMENDED OPERATING CONDITIONS 


| Symbol | Parameter =|“ Min 

| Vcc [DC Supply Voltage (Referenced toGND) | 4.5 

| Vin.Vout | DC input Voltage, Output Voltage (Referenced to GND) | _0 | Vcc 
TA | 55 | 

















| Th; | Operating Temperature, All Package Types 
| ty, te | Input Rise and Fall Time (Figure 1) 


DC ELECTRICAL CHARACTERISTICS (Voltages Referenced to GND) 


ome! Parameter 


ViH Minimum High-Level Input Vout =9.1 V or Voc —-0.1 V 
Voltage Houtl S20 pA 

VIL Maximum Low-Level Input Vout =9.1 V or Vcc —-0.1 V 

Voltage llout! $20 nA 


VoH | Minimum High-Level Output Vin = Vin or Vit 
Voltage Hloutl 20 pA 









Test Conditions 








0.8 0.8 0.8 V 
0.8 0.8 0.8 


Vin= VIH oF VIL 





Houtl <6.0 mA 
Voit | Maximum Low-Level Output Vin = Vin or Vit 
Voltage Hout] 20 vA 
Vin= VIH OF ViL 
lout! <6.0 mA 


1 
— - 


hn liga = Maximum Input Leakage Current | Vin =Vcc or GND 
be Maximum Three-State Leakage | Output in High-Impedance State 


Current Vin = Vit or Vin 


Icc | Maximum Quiescent Supply Vin= Vcc or GND 
Current (per Package) lout =0 pA 


Alcc | Additional Quiescent Supply Vin = 2.4 V, Any One Input 





< 
7) 





Vin=Vecc or GND, Other Inputs 
lout=9 HA 





NOTES: 
1. Information on typical parametric values can be found in Chapter 4. 
2. Total Supply Current=Icc + LAlcc. 
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AC ELECTRICAL CHARACTERISTICS (Vcc =5.0 V +10%, C1 =50 pF, Input t,=te=6 ns) 


| 
Symbol Parameter - 25°C to |. ote 
i 55°C =85°C | =125°C 
fmax | Maximum Clock Frequency (50% Duty Cycle) 
| (Figures 1 and 4) ‘ 
tpLH. | Maximum Propagation Delay, Clock to Q 
tpHL_ |. (Figures 1 and 4) | | 
tp_z, | Maximum Propagation Delay, Output Enable to Q 
tpHz (Figures 2 and 5) 


tpz_, | Maximum Propagation Delay, Output Enable to 0 
tpZH (Figures 2 and 5) 


























tTLH, | Maximum Output Transition Time, Any Output | 
tTHL ' (Figures 1 and 4) 
Maximum Input Capacitance 
Maximum Three-State Output Capacitance (Output in High-Impedance State) 


NOTES: | . 
1. For propagation delays with loads other than 50 pF, see Chapter 4. 
2. Information on typical parametric values can be found in Chapter 4. 





Power Dissipation Capacitance (Per Flip-Flop) 
Used to determine the no-load dynamic power consumption: 


Pp=Cpp Vcec2F+Icc Vec 
For load considerations, see Chapter 4. 





TIMING REQUIREMENTS (Vcc=5.0 V + 10%, Input t,=ts=6 ns) 


Symbol 


Parameter 25°C to 
—55°C 


Minimum Setup Time, Data to Clock 
(Figure 3) _ 


th Minimum Hold Time, Clock to Data 5 
‘| (Figure 3) 
Minimum Pulse Width, Clock 
(Figure 1) . 
Maximum Input Rise and Fall Times 
(Figure 1) | 


NOTE: Information on typical parametric values can be found in Chapter 4. 
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SWITCHING WAVEFORMS 
3.0 V 
3.0 V OUTPUT 
CLOCK ENABLE —— GND 
—— GND 
HIGH 
z IMPEDANCE : 
10% __ ya 
Q 90%—— You 
a HIGH 
'TLH IMPEDANCE : 
Figure 1 Figure 2 
TEST POINT 
3.0 V DEVICE 
DATA UNDER a 
GND TEST L 
— 3.0V | 
CLOCK — 
GND * Includes all probe and jig capacitance. 
Figure 3 Figure 4. Test Circuit 
TEST POINT 
Y CONNECT TO Vcc WHEN 
TESTING tp,7 AND tpzy. 
ai CONNECT TO GND WHEN 
TEST C.* TESTING tpyz AND tpzy. 
*Includes all probe and jig capacitance. 
Figure 5. Test Circuit 
EXPANDED LOGIC DIAGRAM 
DO D1 D2 D3 D4 D5 D6 D7 
3 4 7 8 13 14 | 17 18 
OD OD OD OD OD OD (t la 
CLOCK lu eS O 
ouTPuT <> Le | | S 4 a 
ENABLE 
2 5 6 9 12 15 16 19 
00 Q1 02 a3 04 05 06 Q7 
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NIC54/74HC540 
Octal 3-State inverting | 


Buffer/Line Driver/Line Receiver qqmmeeery) 3 Suri 
High-Performance Silicon-Gate CMOS ) | ! ic ae 


The MC54/74HC540 is identical in pinout to the.LS540. The device inputs are 
compatible with standard CMOS outputs. External pullup resistors make them com- 
patible with LSTTL outputs. . 

The HC540 is an octal inverting buffer/line driver/line receiver designed to be 
used with 3-state memory address drivers, clock drivers, and other bus-oriented sys- 
tems. This device features inputs and outputs on opposite sides of the package and 


N SUFFIX 
PLASTIC 
CASE 738-03 


: a DW SUFFIX 
two ANDed active-low output enables. aan b SOIC 
The HC540 is similar in function to the HC541, which has noninverting outputs. ee CASE 751D-03 
® Output Drive Capability: 15 LSTTL Loads 
® Outputs Directly Interface to CMOS, NMOS, and TTL 
@ Operating Voltage Range: 2 to 6 V ORDERING INFORMATION 
@ Low Input Current: 1 pA 
@ High Noise Immunity Characteristic of CMOS Devices MC74HCXXXN Plastic 
® In Compliance with the Requirements Defined by JEDEC Standard No. 7A MC54HCXXXJ Ceramic 
® Chip Complexity: 124 FETs or 31 Equivalent Gates MC74HCXXXDW SOIC 


Ta = ~—55° to 125°C for all packages. 
Dimensions in Chapter 6. 





LOGIC DIAGRAM 
PIN ASSIGNMENTS 


Al : als is Y1 
A3 : =>’ bi Y3 





h es 
hae LP Se Y4 
DATA I INVERTING 
INPUTS F PN 14 OUTPUTS 
A5 +> 5 
7 ) TS 13 
AG - Eat — 6 
8 . oN 12 
AT. ie Y7 
9 . ofS 1 
AB Be: 8 
1 
OUTPUT v1) I 
ENABLES | 0E2—— PIN 20=Voc 
PIN 10=GND 


Z= high impedance 
X=don’'t care 
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MAXIMUM RATINGS* 


a 
Tin [DC input Curent, perinSSCidSCC 
i i 750 
500 


Power Dissipation in Still Air, Plastic or Ceramic DIPt mW 
SOIC Packaget 


65 to +150 


















This device contains protection 
circuitry to guard against damage 
due to high static voltages or electric 
fields. However, precautions must 
be taken to avoid applications of any 
voltage higher than maximum rated 
voltages to this high-impedance 


circuit. For proper operation, Vj, and 
Vout Should be constrained to the 
range GND <(Vjn or Vout) S Vcc. 

Unused inputs must always be tied 
to an appropriate logic voltage level 
(e.g., either GND or Vcc). Unused 
outputs must be left open. 







Lead Temperature, 1 mm from Case for 10 Seconds 
(Plastic DIP or SOIC Package) 
(Ceramic DIP) 


* Maximum Ratings are those values beyond which damage to the device may occur. 
Functional operation should be restricted to the Recommended Operating Conditions. 
tDerating — Plastic DIP: — 10 mW/°C from 65° to 125°C 
Ceramic DIP: —10 mW/°C from 100° to 125°C 
SOIC Package: ~7 mW/°C from 65° to 125°C 
For high frequency or heavy load considerations, see Chapter 4. 






RECOMMENDED OPERATING CONDITIONS 


[symbol] Parameter ——SSS*dSCMin | Max | Unit 
Vcc [BC Supply Votage (Referenced to GND) _——~dt20 | 60 | v1 
[VinwWout | DC Input Votage, Output Vokage (Referenced to No) | | Veo | V_ 
[Ta [Operating Temperature, Al Package Types (| 88 | +125[ °c 


tr, tf | Input Rise and Fall Time 
(Figure 1) 

















DC ELECTRICAL CHARACTERISTICS (Voltages Referenced to GND) 


Parameter 
Minimum High-Level Input 
loz 











Vcc 25°C to 
_ 
2.0 1.5 1.5 
4.5 3.15 3.15 
6.0 4.2 4.2 
0.3 . : 







Test Conditions 










Vout=0.1 V 
lout| $20 nA 





Voltage 












2.0 : 
4.5 0.9 
6.0 


2.0 1.9 1.9 1.9 V 
4.5 


6.0 5.9 | 59 5.9 
3.98 3.84 3.70 
5.48 5.34 5.20 
2.0 | 
4.5 
6.0 
lout] <6.0 mA 0.26 0.33 0.40 
lout] <7-8 mA 0.26 0.33 0.40 


pA 


i 
iad Be Re ee 


Maximum Low-Level Input 
Voltage 


Vout=Vec—0.1 V 
lout] $20 wA 

















Minimum High-Level Output 
Voltage 


Vin = VIL 
lout] $20 pA 








Hout! <=6.0 mA 
















< 


Maximum Low-Level Output 
Voltage 


Vin=VIH 
lout| $20 nA 









Maximum Input Leakage Current | Vi; = Vcc or GND 


Maximum Three-State Leakage | Output in High-lmpedance State 
Current Vin=ViL or VIH 


Vout= Vcc or GND 
. Icc Maximum Quiescent Supply 
Current (per Package) 


Vin=Vcc or GND 
NOTE: Information on typical parametric values can be found in Chapter 4. 















lout =0 nA 
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AC ELECTRICAL CHARACTERISTICS (C, =50 pf, Input t, = tp=6 ns) 


Symbol 
tpLH, | Maximum Propagation Delay, input A to Output Y 
tpHL (Figures 1 and 3) 
tp_z, | Maximum Propagation Delay, Output Enable to Output Y 
tpHz (Figures 2 and 4) 


Parameter 


tpz_, | Maximum Propagation Delay, Output Enable to Output Y 
tpZH (Figures 2 and 4) 

tTLH. | Maximum Output Transition Time, Any Output 

tTHL | (Figures 1 and 3) 


Maximum Input Capacitance 


Cout | Maximum Three-State Output Capacitance (Output in High-lmpedance 
State) 





NOTES: 
1. For propagation delays with loads other than 50 pF, see Chapter 4. 
2. Information on typical parametric values can be found in Chapter 4. 


Power Dissipation Capacitance (Per Buffer) Typical @ 25°C, Vcc =5.0 V 


Used to determine the no-load dynamic power consumption: 
Pp=Cpp Vcc2f+!cc Vec 
For load considerations, see Chapter 4. 














SWITCHING WAVEFORMS 
Vec 
ty OE1 OR 0E2 
— Vec GND 
INPUT A HIGH 
GND IMPEDANCE 
OUTPUT Y 
VoL 
OUTPUT Y 
Von 
tTHL tTLH OUTPUT Y HIGH 
IMPEDANCE 
Figure 1. Figure 2. 
TEST CIRCUITS 
TEST POINT TEST POINT 








OUTPUT CONNECT TO Vec WHEN 





DEVICE 
UNDER 
TEST 







*includes all probe and jig capacitance. 


Figure 3. 






TESTING tp_z AND tpz;. 
CONNECT TO GND WHEN 
C,* TESTING tpy7 AND tpzy. 


DEVICE 
UNDER 
TEST 









*Includes all probe and jig capacitance. 


Figure 4. 
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PIN DESCRIPTIONS 


INPUTS 


A1, A2, A3, A4, A5, A6, A7, A8 (PINS 2, 3, 4, 5, 6, 7, 8, 
9) — Data input pins. Data on these pins appear in inverted 
form on the corresponding Y outputs, when the outputs are 
enabled. 


CONTROLS 


OE1, OE2 (PINS 1, 19) — Output enables (active-low). 
When a low voltage is applied to both of these pins, the outputs 


are enabled and the device functions as an inverter. When a 
high voltage is applied to either input, the outputs assume the 
high impedance state. 


OUTPUTS | 

Y1, Y2, Y3, Y4, Y5, Y6, Y7, Y8 (PINS 18, 17, 16, 15, 14, 
13, 12, 11) — Device outputs. Depending upon the state of 
the output enable pins, these outputs are either inverting out- 
puts or high-impedance outputs. 


LOGIC DETAIL 


TO SEVEN OTHER 
INVERTERS 


| ONE OF EIGHT 


INVERTERS 


cae 7 
| yo Te 
eee 
OE1 de | 
ea 


———<—<—<—<—<— FF 8 ES 8 SO 883 emenomee 


OUTPUT 
Y 
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MC54/74HCT540 


Octal 3-State Inverting 
Buffer/Line Driver/Line Receiver 


with LSTTL-Compatible Inputs 
High-Performance Silicon-Gate CMOS 


The MC54/74HCT540 is identical in pinout to the LS540. This device may be used 
‘as a level converter for interfacing TTL or NMOS to High-Speed CMOS inputs. 

The HCT540 is an octal inverting buffer/line driver/line receiver designed to be 
used with 3-state memory address drivers, clock drivers, and other bus-oriented 
systems. This device features inputs and outputs on opposite sides of the package 
and two ANDed active-low output enables. 

The HCT540 is similar in function to the HCT541, which has noninverting outputs. 


J SUFFIX 
CERAMIC 
CASE 732-03 


N SUFFIX 
PLASTIC 
CASE 738-03 


DW SUFFIX 
SOIC 
CASE 751D-03 





® Output Drive Capability: 15 LSTTL Loads 

@® TTL/NMOS-Compatible Input Levels ORDERING INFORMATION 
® Outputs Directly Interface to CMOS, NMOS, and TTL 

® Operating Voltage Range: 4.5 to 5.5 V MC74HCTXXXN Plastic 

@ Low Input Current: 1 nA MC54HCTXXXJ Ceramic 
® In Compliance with the Requirements Defined by JEDEC Standard No. 7A MC74HCTXXXDW = SOIC 

@ Chip Complexity: 164 FETs or 41 Equivalent Gates 


Ta = —55° to 125°C for all packages. 
Dimensions in Chapter 6. 





PIN ASSIGNMENTS 


LOGIC DIAGRAM 
Al : >: ir Y1 
A2 : aa. = Y2 





DATA INVERTING 


INPUTS 6 14 OUTPUTS 
AS se Y5 
FUNCTION TABLE 








Y6 
! | _Inputs__| Output 
8 | aoe 12 Ori; OE2 TA | Y 
a7 be. v7 L Jefe 
L | t | H 
9 aa 11 H | x | Xx 
A8 O ¥8 
xX | H |X 
OUTPUT { OE1 : ay) Z= high impedance 
PIN 20=Vec 
@ aes ‘ 
ii van PIN 10-GND * dooce 
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MAXIMUM RATINGS* 


| Parameter | Value | Unit_| 
| Vcc {DC Supply Voltage (Referenced to GND) | -0.5t0 47.0 | OV | 
|__Vin__|DC Input Voltage (Referenced to GND) | = 1.5toVec+15 | Vv | 
| Vout | DC Output Voltage (Referenced to GND) | -0.5toVec+0.5 | v__| 
| lin [DC input Current, perPin | 20 | mA 
| lout | | mA | 

| mA 

Efe! 





This device contains protection 
circuitry to guard against damage 
due to high static voltages or electric 
fields. However, precautions must 
be taken to avoid applications of any 
voltage higher than maximum rated 
voltages to this high-impedance 














circuit. For proper operation, Vin and 
Vout should be constrained to the 
range GND <(Vjn or Voyt) SVcc. 
Unused inputs must always be tied 
to an appropriate logic voltage level 
| (e.g., either GND or Vcc). Unused | 
outputs must be left open. 


: V 
: V 
Vv 
DC Output Current, per Pin | 85 mA 
lcc | DC Supply Current, Vcc and GND Pins | £7 
mw 
°C 
°C 


+20 

+35 

+75 

Power Dissipation in Still Air, Plastic or Ceramic DIPt 750 
SOIC Packaget 500 

260 

300 


Lead Temperature, 1 mm from Case for 10 Seconds 








(Plastic DIP or SOIC Package) 


Th 
(Ceramic DIP) 


*Maximum Ratings are those values beyond which damage to the device may occur. 
Functional operation should be restricted to the Recommended Operating Conditions. 
tDerating — Plastic DIP: — 10 mW/°C from 65° to 125°C 
Ceramic DIP: — 10 mW/°C from 100° to 125°C 
SOIC Package: —7 mW/°C from 65° to 125°C 
For high frequency or heavy load considerations, see Chapter 4. 


RECOMMENDED OPERATING CONDITIONS 


| Symbol | Parameter 


Input Rise and Fall Time (Figure 1) 


















§ 
oO 
2) 

. 







DC ELECTRICAL CHARACTERISTICS (Voltages Referenced to GND) 


ViH_ — | Minimum High-Level Input Vout=9.1 V or Vcc —0.1 V 
Voltage Hout! $20 pA 
VIL Maximum Low-Level Input Vout = 0.1 V or Voc —-90.1 V 
Voltage lout] 320 nA 


Test Conditions 




















VoH | Minimum High-Level! Output Vin = ViH or Vit 
Voltage llout| S20 pA 
Vin = ViH oF Vit 
lout! =6.0 mA 
VoL | Maximum Low-Level Output Vin = Vint or Vit 
Voltage outl S20 pA 
Vin = ViH OF VIL 
lout =6.0 mA 


Maximum Input Leakage Current | Vin= Vcc or GND 


Maximum Three-State Leakage | Output in High-impedance State +0.5 +5.0 + 10.0 pA 
Current Vin = Vit or Vin . 
Icc Maximum Quiescent Supply Vin=Vcc or GND pA 
Current (per Package) lout =0 pA 


Vout= Vcc or GND 
Additional Quiescent Supply Vin = 2.4 V, Any One Input 













Current Vin=Vcc or GND, Other Inputs 
lout=9 nA 





NOTES: 
1. Information on typical parametric values can be found in Chapter 4. 
2. Total Supply Current=Icc + LAlcc. 
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AC ELECTRICAL CHARACTERISTICS (Vcc =5.0V +10%, Cy =50 pF, Input t,=t,=6 aT 






tPHL 
tPLz, 
tPHZ 
tPZL. 
tPZH 
tTLH 


_tTHL 
Cin 






NOTES: 


Symbol Parameter ° 


Maximum Propagation Delay, Input A to Output Y 
(Figures 1 and 3) 


Maximum Propagation Delay, Output Enable to Y 
(Figures 2 and 4) 


Maximum Propagation Delay, Output Enable to Y 
(Figures 2 and 4) 


Maximum Output Transition Time, Any Output 
(Figures 1 and 3) 


Maximum Input Capacitance 


Maximum Three-State Output Capacitance (Output in High-lmpedance State) — oe 


1. For propagation delays with loads other than 50 pF, see Chapter 4. 
2. Information on typical parametric values can be found in Chapter 4. 


Power Dissipation Capacitance (Per Buffer) 
Used to determine the no-load dynamic power consumption: 


Pp=Cpp Vcc2f+Icc Vcc 





| Guaranteed Limit Limit 









Typical @ 25°C, Vcc =5.0 V 





INPUT A 


OUTPUT Y 


For load considerations, see Chapter 4. 


SWITCHING WAVEFORMS 

















OE1 3.0 V 
OR 
OE2 — GND 
HIGH 
OUTPUT Y IMPEDANCE 
10% —— Vo; 
190% — You 
OUTPUT Y HIGH 
IMPEDANCE 
- Figure 1. Figure 2. 
TEST CIRCUITS 
TEST POINT TESTE 






DEVICE 
UNDER 
TEST 







*Includes all probe and jig capacitance. 


Figure 3. 


CONNECT TO Vcc WHEN 
TESTING tp_z AND tpz,. 
CONNECT TO GND WHEN 
TESTING tpyz AND tpzy. 






DEVICE 
UNDER 
TEST 








*Includes all probe and jig capacitance. 


Figure 4. 
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PIN DESCRIPTIONS 


INPUTS 


A1, A2, A3, A4, A5, A6, A7, A8 (PINS 2, 3, 4, 5, 6, 7, 8, 
9) — Data input pins. Data on these pins appear in inverted 
form on the corresponding Y outputs, when the outputs are 
enabled. 


CONTROLS 


OE1, OE2 (PINS 1, 19) — Output enables (active low). 
When a low level is applied to both of these pins, the outputs 


are enabled and the device functions as an inverter. When a 
high level is applied to either input, the outputs assume the 
high impedance state. 


OUTPUTS 

Y1, Y2, Y3, Y4, Y5, Y6, Y7, Y8 (PINS 18, 17, 16, 15, 14, 
13, 12, 11) — Device outputs. Depending upon the state of 
the output-enable pins, these outputs are either inverting out- 
puts or high impedance outputs. 


LOGIC DETAIL 


TO SEVEN OTHER 


INVERTERS 


ONE OF EIGHT 
INVERTERS 


INPUT 


5-355 
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OUTPUT 
Y 





= SEMICONDUCTOR 








MOTOROLA 
TECHNICAL DATA 


Octal 3-State Noninverting 


Buffer/Line Driver/Line Receiver 
High-Performance Silicon-Gate CMOS 


The MC54/74HC541 is identical in pinout to the LS541. The device inputs are 
compatible with standard CMOS outputs. External pullup resistors make them com- 
patible with LSTTL outputs. 

The HC541 is an octal noninverting buffer/line driver/line receiver designed to be 
used with 3-state memory address drivers, clock drivers, and other bus-oriented 
systems. This device features inputs and outputs on opposite sides of the package 
and two ANDed active-low output enables. 

The HC541 is similar in function to the HC540, which has inverting outputs. 


Output Drive Capability: 15 LSTTL Loads 

Outputs Directly Interface to CMOS, NMOS, and TTL 

Operating Voltage Range: 2 to 6 V 

Low Input Current: 1 nA 

High Noise Immunity Characteristic of CMOS Devices 

In Compliance with the Requirements Defined by JEDEC Standard No. 7A 
Chip Complexity: 140 FETs or 35 Equivalent Gates 


LOGIC DIAGRAM 
2 18 
Al TS Y1 
3 17 
4 16 
A3 =. Y3 
5 15 
DATA NONINVERTING 
INPUTS 6 14 OUTPUTS 
F a 
7 13 
‘ aay 


8 12 
A7 Peale Y7 
9 1 
AS =). Y8 
1 
OUTPUT § OE1 O 
ae 7 -@D PIN 20-Vec 
PIN 10=GND 








MC54/74HC541 


J SUFFIX 
CERAMIC 
CASE 732-03 


N SUFFIX 
PLASTIC 
CASE 738-03 


DW SUFFIX 
SOIC 
CASE 751D-03 





ORDERING INFORMATION 


MC74HCXXXN Plastic 
MC54HCXXXJ Ceramic 
MC74HCXXXDW_ SOIC 


Ta = —55° to 125°C for all packages. 
Dimensions in Chapter 6. 





PIN ASSIGNMENT 


FUNCTION TABLE 


| __Inputs__| Output 
fOriTorz TA | 


Z= high impedance 
X=don't care 





MOTOROLA HIGH-SPEED CMOS LOGIC DATA 


5-356 


MC54/74HC541 


MAXIMUM RATINGS* 


| Symbol] Parameter | Value | Unit 
| Vout [DC Output Voltage (Referenced to GND) | = 0.8 to Vcc +068 | Vv 
in [OC input Curent. perPin SOY mA 
| lout [DC Output Current, perPin | 85 | mA 
| icc [DC Supply Current, Voc and GND Pins | 75 | mA 


Power Dissipation in Still Air, Plastic or Ceramic DIPT it mW 
SOIC Packaget Unused inputs must always be tied 


Storage Temperature —65 to +150 ae to an appropriate logic voltage level 


ie.g., either GND or Vcc). Unused 
Lead Temperature, 1 mm from Case for 10 Seconds | outputs must be left open. | 
(Plastic DIP or SOIC Package) 






This device contains protection 
circuitry to guard against damage 
due to high static voltages or electric 
fields. However, precautions must 
be taken to avoid applications of any 
voltage higher than maximum rated 
voltages to this high-impedance 
circuit. For proper operation, Vjp and 
Vout Should be constrained to the 
range GND <(Vjn or Voyt) S$ Vcc: 










(Ceramic DIP) 


* Maximum Ratings are those values beyond which damage to the device may occur. 
Functional operation should be restricted to the Recommended Operating Conditions. 
tDerating — Plastic DIP: —10 mW/°C from 65° to 125°C 
Ceramic DIP: — 10 mW/°C from 100° to 125°C 
SOIC Package: —7 mW/°C from 65° to 125°C 
For high frequency or heavy load considerations, see Chapter 4. 


RECOMMENDED OPERATING CONDITIONS 


['symbot| ___—_—=—=—=Parameter——=SSS=««Min’“ | ‘Max | Unit 
[Veg [BC Supply Voltage Referenced to GND) ——~SC~irC | 8 | 
Vin.Vout | DC Input Voltage, Output Votago (Referenced w GND) | 0 | Veo | Vv 
[Ta [Operating Temperature, All Package Types «| ss | +125] °C 


ty, tf | Input Rise and Fall Time 
(Figure 1) 








DC ELECTRICAL CHARACTERISTICS (Voltages Referenced to GND) 


Minimum High-Level Input Vout= Vcc —9.1 V 
Voltage lout] $20 pA 












Maximum Low-Level Input Vout =0.1 V 
Voltage lout] $20 pA 






Minimum High-Level Output Vin= VIH 
Voltage Hout! S20 pA 























lout] 6.0 mA 
Hout| <7.8 mA 


Hout! = <6.0 mA 0.26 
|__ lin _| Maximum Input Leakage Current | Vin = Vcc or GND rea [sar ste [ate a 
loz Maximum Three-State Leakage | Output in High-lmpedance State +0.5 +5.0 + 10.0 
Current Vin = VIL or VIH 
Vout=Vcc or GND 
Icc Maximum Quiescent Supply Vin=Vcc or GND pA 
Current (per Package) lout =0 pA 


NOTE: Information on typical parametric values can be found in Chapter 4. 





Maximum Low-Level Output 
Voltage 


Vin= VIL 
lout] $20 nA 
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AC ELECTRICAL CHARACTERISTICS (C, =50 pF, Input t;=t¢=6 ns) 


| Guaranteed Limit | Limit 
Symbol Parameter 
. <125°C 
tpLH, | Maximum Propagation Delay, Input A to Output Y : 
tPHL (Figures 1 and 3) . : 
tp_z, | Maximum Propagation Delay, Output Enable to Output Y : 
tpHz (Figures 2 and 4) : 
tpz_, | Maximum Propagation Delay, Output Enable to ch ¥. . 4 
tpZH (Figures 2 and 4) 4. 
tTLH. | Maximum Output Transition Time, Any Output 0. 
trHL | (Figures 1 and 3) 


| Cin | Maximum Input Capacitance eo 





a Maximum Three-State Output Capacitance (Output in High-Impedance 
State) 





NOTES: 
1. For propagation delays with loads other than 50 pF, see Chapter 4. 
2. Information on typical parametric values can be found in Chapter 4. 


Power Dissipation Capacitance (Per Buffer) Typical @ 25°C, Vcc =5.0 V 


Used to determine the no-load dynamic power consumption: 
Pp=Cpp Vec*f+Icc Vcc 
For load considerations, see Chapter 4. 


SWITCHING WAVEFORMS 










OE 1 Vec 
OR 
INPUT A 0E2 —— GND 
HIGH 
OUTPUT Y 10%— yo. 





90%-— Vou 
HIGH 
IMPEDANCE 


OUTPUT Y 


Figure 1. 
Figure 2. 


TEST CIRCUITS 


TEST POINT 






TEST POINT 







CONNECT TO Veg WHEN 
TESTING tpyz AND tp7y. 
CONNECT TO GND WHEN 
C.* TESTING tpyz AND tpzy. 


DEVICE 
UNDER 
TEST 





DEVICE 
UNDER 
TEST 






* Includes all probe and jig capacitance. *|Includes all probe and jig capacitance. 


Figure 3. , Figure 4. 
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PIN DESCRIPTIONS 


INPUTS 

A1, A2, A3, A4, AS, A6, A7, A8 (PINS 2, 3, 4, 5, 6, 7, 8, 
9) — Data input pins. Data on these pins appear in noninverted 
form on the corresponding Y outputs, when the outputs are 
enabled. 


CONTROLS 


OE1, OE2 (PINS 1, 19) — Output enables (active-low). 
When a low level is applied to both of these pins, the outputs 


are enabled and the device functions as a noninverting buffer. 
When a high level is applied to either input, the outputs assume 
the high impedance state. 


OUTPUTS 

Y1, Y2, Y3, Y4, Y5, Y6, Y7, Y8 (PINS 18, 17, 16, 15, 14, 
13, 12, 11) — Device outputs. Depending upon the state of 
the output-enable pins, these outputs are either noninverting 
outputs or high impedance outputs. 


LOGIC DETAIL 


TO SEVEN OTHER 
BUFFERS 


ONE OF EIGHT 
BUFFERS - 


INPUT 


0E2 O 


| 

| 

= 
«—d> 


OUTPUT 
| Y 
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ma SEMICONDUCTOR 





MOTOROLA 
TECHNICAL DATA 


Octal 3-State Noninverting 


Buffer/Line Driver/Line Receiver 
with LSTTL-Compatible Inputs 


_High-Performance Silicon-Gate CMOS 


The MC54/74HCT541 is identical in pinout to the LS541. The device may be used 
as a level converter for interfacing TTL or NMOS to High-Speed CMOS inputs. 

The HCT541 is an octal noninverting buffer/line driver/line receiver designed to be 
used with 3-state memory address drivers, clock drivers, and other bus-oriented 
systems. This device features inputs and outputs on opposite sides of the package 
and two ANDed active-low output enables. 

The HCT541 is similar in function to the HCT540, which has inverting outputs. 
Output Drive Capability: 15 LSTTL Loads 

TTL/NMOS-Compatible Input Levels 

Outputs Directly Interface to CMOS, NMOS, and TTL 

Operating Voltage Range: 4.5 to 5.5 V 

Low Input Current: 1 nA 

In Compliance with the Requirements Defined by JEDEC Standard No. 7A 
Chip Complexity: 180 FETs or 45 Equivalent Gates 


LOGIC DIAGRAM 
2 18 
Al ae Y1 
17 
4 16 
A3 > Y3 


DATA NONINVERTING 
INPUTS 6 PUN 14 OUTPUTS 
AS SS Y5 
7 13 
AG eat Y6 
8 12 
A7 1S Y7 
g 11 
A8 as Y8 

OUTPUT § OF1 - 
ENABLES } 0E2 7 ° PIN 20=Vec 
PIN 10=GND 











MiC54/74HCT541 


J SUFFIX 
. CERAMIC — 
CASE 732-03 


N SUFFIX 
PLASTIC 
CASE 738-03 


DW SUFFIX 
SOIC 
CASE 751D-03 


ORDERING INFORMATION 
MC74HCTXXXN Plastic 


MC54HCTXXXJ Ceramic 
MC74HCTXXXDW _ SOIC 


Ta = —55° to 125°C for all packages. 
Dimensions in Chapter 6. 


PIN ASSIGNMENTS 


FUNCTION TABLE 


fort, oEz TA | 





L L L 
L L H 
H X X Z 
Xx H X Z 


Z= high impedance 
X=don't care 
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MAXIMUM RATINGS* 


[symboi| SS Parameter——~=S~*~wCS*~C~S 
[Vin | BC input Voltage (Referenced to GND) + =18tovec+t8 | Vv] 
[Vout [BC Output Voltage (Referenced to GND) ~~~ 0.8 to Vec+os | Vv 
tin [DC input Curent, perPin SCC | 
[tout [DC Output Current, pr Pin SSC «ma 
[ice [BC Supply Curent, Voc and GND Pins SiS «dma 


Power Dissipation in Still Air, Plastic or Ceramic DIPt i mw 
SOIC oc ae 


Tete «| |Storage Temperature Temperature —65 to +150 oe 


Lead Temperature, 1 mm from Case for 10 Seconds 
(Plastic DIP or SOIC Package) 
(Ceramic DIP) 


* Maximum Ratings are those values beyond which damage to the device may occur. 
Functional operation should be restricted to the Recommended Operating Conditions. 
tDerating — Plastic DIP: — 10 mW/°C from 65° to 125°C 
Ceramic DIP: —10 mW/°C from 100° to 125°C 
SOIC Package: —7 mW/°C from 65° to 125°C 
For high frequency or heavy load considerations, see Chapter 4. 







This device contains protection 
circuitry to guard against damage 
due to high static voltages or electric 
fields. However, precautions must 
be taken to avoid applications of any 
voltage higher than maximum rated 
voltages to this high-impedance 









circuit. For proper operation, Vj; and 
Vout should be constrained to the 
range GND s(Vjn Or Vout) S Vcc: 

Unused inputs must always be tied 
to an appropriate logic voltage level 
(e.g., either GND or Vcc). Unused 
outputs must be left open. 


















RECOMMENDED OPERATING CONDITIONS 


| Symbol | Parameter | (Min | Max | Unit _| 
| Vcc [DC Supply Voltage (Referenced to GND) | 4S | 58 | OV 
| Vin Vout [DC Input Voltage, Output Voltage (Referenced to GND) | 0 | Vcc | V__| 
| Ta | Operating Temperature, All Package Types | 85 | +125 | °C 
|_ tr [Input Rise and Fall Time (Figure 1) | | 800 | ns 


DC ELECTRICAL CHARACTERISTICS (Voltages Referenced to GND) 


Minimum High-Level Input Vout=09.1 V or Voc —-0.1 V V 
Voltage llout| 20 pA 

Maximum Low-Level Input Vout =0.1 V or Veg -0.1 V 0.8 0.8 0.8 V 
Voltage [lout] S20 nA 0.8 0.8 0.8 














Test Conditions 







Minimum High-Level Output Vin = ViIH or VIL 
Voltage llout| S20 pA 


Vin = VIH or ViL 
lout! $6.0 mA 


Maximum Low-Level Output Vin = VI or VIL 
Voltage lout] $20 pA 


Vin=VIH oF VIL 
lout| $6.0 mA 


in Wexmom put taiage Corer Vinevec or ene ____{se | aos {ave {ato 1 oa 


Maximum Three-State Leakage | Output in High-lmpedance State +0.5 +5.0 +10.0 
Current Vin=ViL or Vin 

Icc | Maximum Quiescent Supply Vin=Vecc or GND 

Current (per Package) lout =0 vA 


Vout = Vcc or GND 
Additional Quiescent Supply Vin =2.4 V, Any One Input 





































Current Vin=Vcc or GND, Other Inputs 
out =0 vA 





NOTES: 
1. Information on typical parametric values can be found in Chapter 4. 
2. Total Supply Current=Icc+ZAlcc. 
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AC ELECTRICAL CHARACTERISTICS (Vcc =5.0 V + 10%, Cy =50 pF, input tp=tp=6 oo ae 


| Guaranteed Limit | Limit 
Parameter aa C to s 
| tpLH, | Maximum Propagation Delay, Input A to Output Y ns: 
. tPHL (Figures 1 and 3) 
Maximum Propagation Delay, Output Enable to Y 44 
(Figures 2 and 4) 
tpz_, | Maximum Propagation Delay, Output Enable toY 
teZH (Figures 2 and 4) 
tTLH, | Maximum Output Transition Time, Any Output ns 
tTHL (Figures 1 and 3) 


js On| | Cin | Maximum Input Capacitance | 10 6| (10 


Maximum Three-State Output Capacitance (Output in High-Impedance State) 


NOTES: 
1. For propagation delays with loads other than 50 pF, see Chapter 4. 
2. Information on typical parametric values can be found in Chapter 4. 










Power Dissipation Capacitance (Per Buffer) Typical @ 26°C, Vcc =5.0 V 


Used to determine the no-load dynamic power consumption: 


Pp=Cpp Vec4f+!cc Voc 
For load considerations, see Chapter 4. 





SWITCHING WAVEFORMS 


3.0 V 













OR 
0E2 —— GND 
INPUT A 
HIGH 
OUTPUT Y / IMPEDANCE 
10% — VoL 
OUTPUT Y 
90% ~— You 
OUTPUT Y - HIGH 
IMPEDANCE 
Figure 1. Figure 2. 
TEST CIRCUITS 
TEST POINT TEST POINT 









CONNECT TO Veg WHEN 
TESTING tp_z AND tpz,. 
CONNECT TO GND WHEN 
TESTING tpyz AND tpzy. 


OUTPUT 








OUTPUT 





DEVICE 
UNDER 
TEST 





DEVICE 
UNDER 
TEST 





* Includes all probe and jig capacitance. * includes all probe and jig capacitance. 


Figure 3. Figure 4. 
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PIN DESCRIPTIONS 


INPUTS 

A1, A2, A3, A4, A5, A6, A7, A8 (PINS 2, 3, 4, 5, 6, 7, 8, 
9) — Data input pins. Data on these pins appear in noninverted 
form on the corresponding Y outputs, when the outputs are 
enabled. 


CONTROLS 


OE1, OE2 (PINS 1, 19) — Output enables (active low). 
When a low level is applied to both of these pins, the outputs 


are enabled and the device functions as a noninverting buffer. 
When a high level is applied to either input, the outputs assume 
the high impedance state. 


OUTPUTS 

Y1, Y2, Y3, Y4, Y5, Y6, Y7, Y8 (PINS 18, 17, 16, 15, 14, 
13, 12, 11) — Device outputs. Depending upon the state of 
the output-enable pins, these outputs are either noninverting 
outputs or high impedance outputs. 


LOGIC DETAIL 


TO SEVEN OTHER 
BUFFERS 


ONE OF EIGHT 
BUFFERS Vec | 


OUTPUT 
| Y 
t ) 


INPUT | 5 
a 





OE1 O 


OE2 O 





| MOTOROLA HIGH-SPEED CMOS LOGIC DATA 
5-363 


MOTOROLA 


aa SEMICONDUCTOR 
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| MC54/74HC563 


Octal 3-State Inverting 





J SUFFIX 
Transparent Latch CERAMIC 
‘ eee 732-0 
High-Performance Silicon-Gate CMOS 

The MC54/74HC563 is identical in pinout to the LS563. The device inputs are N SUFFIX 
compatible with standard CMOS outputs; with pullup.resistors, they are compatible PLASTIC 
with LSTTL outputs. CASE 738-03 

This device is identical in function to the HC533 but has the Data Inputs on the 
opposite side of the package from the outputs to facilitate PC board layout. 

These latches appear transparent to data (i.e., the outputs change asynchron- DW SUFFIX 
ously) when Latch Enable is high. The data appears at the outputs in inverted form. SOIC 
When Latch Enable goes low, data meeting the setup and hold time becomes i? CASE 751D-03 
latched. 

The Output Enable input does not affect the state of the latches, but when Out- 

' put Enable is high, all device outputs are forced to the high-impedance state. Thus, ORDERING INFORMATION 
data may be latched even when the outputs are not enabled. 

The HC573 is the noninverting version of this function. MC74HCXXXN Plastic 
® Output Drive Capability: 15 LSTTL Loads deceit 
@ Outputs Directly Interface to CMOS, NMOS, and TTL 
@ Operating Voltage Range: 2 to 6 V 
@ Low Input Current: 1 nA TA = — 55° to 125°C for all packages. 
@ High Noise Immunity Characteristic of CMOS Devices Dimensions in Chapter 6. 

@ In Compliance with the Requirements Defined by JEDEC Standard No. 7A 
@ Chip Complexity: 202 FETs or 50.5 Equivalent Gates 


PIN ASSIGNMENT 


LOGIC DIAGRAM 





O3 | INVERTING 


DATA 03 — 
: aq § OUTPUTS © 


INPUTS 1 pq 11 {JLATCH ENABLE | 





setae ae 





LATCH 
| inputs 
ENABLE PIN 20=Voc 
OUTPUT PIN 10 =GND Output Latch 
ENABLE Enable | Enable 
L 


: 

no 
‘ change 
X Z 


X=don’t care 
Z=high impedance 
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MAXIMUM RATINGS* 


[symbol] —~SCwParameter——~SS~*~rSCS*<“C~*‘ YC 
[Vin [BC input Votage (Referenced to GND) ———*(| ~18 to vege | Vv 
[Vout [DC Output Votage (Referenced to GND) + 08 to Vec+05 | Vv 
[tin [OC input Current, porn CTS 
[tout [BC Output current, porn SSC*dS dm 
[ice [DC Supply Curent, Voc end GND Pins SSS Cd 


Power Dissipation in Still Air, Plastic or Ceramic DIPt hes mw 
SOIC Packaget 
= 65 to +180 = 


Lead Temperature, 1 mm from Case for 10 Seconds 
(Plastic DIP or SOIC Package) 
(Ceramic DIP) 


*Maximum Ratings are those values beyond which damage to the device may occur. 
Functional operation should be restricted to the Recommended Operating Conditions. 
tDerating — Plastic DIP: — 10 mW/°C from 65° to 125°C 
Ceramic DIP: — 10 mW/°C from 100° to 125°C 
SOIC Package: —7 mW/°C from 65° to 125°C 
For high frequency or heavy load considerations, see Chapter 4. 






This device contains protection 
circuitry to guard against damage 
due to high static voltages or electric 
fields. However, precautions must 
be taken to avoid applications of any 
voltage higher than maximum rated 
voltages to this high-impedance 








circuit. For proper operation, Vj, and 
Vout should be constrained to the 
range GND S(Vjn or Vout) = Vcc: 

Unused inputs must always be tied 
to an appropriate logic voitage level 
(e.g., either GND or Vcc). Unused | 
outputs must be left open. 





RECOMMENDED OPERATING CONDITIONS 


| Symbol| Parameter, =| «Min. | Max | Unit | 
[Veg |[B¢ Supply Voltage (Referenced GND) —~SC=~=“‘drC | | 
Vin-Vout [DC Input Voltage, Output Voltage (Referenced to GND) | 0 | Veo | Vv 
[Ta [Operating Temperature, All Package Types + --68 | +125 | °c 


tr, te | Input Rise and Fall Time 
(Figure 1) 


met mar 
lout} <6.0 mA iy 


lk Minimum High-Level Input 
0.26 0.33 0.40 
Hout| 7-8 mA 0.26 0.33 0.40 


Voltage 
| tin | Maximum Input Leakage Current | Vin=Vcc or GND | 60 | +01 {| +1.0 | 41.0 | 


Maximum Three-State Leakage | Output in High-impedance State co 5 +5.0 + 10.0 
Current Vin= VIL or ViH 
Vout= Vcc or GND 
Icc Maximum Quiescent Supply Vin=Vcc or GND hetete 
Current (per Package) lout = 9 pA 


NOTE: Information on typical parametric values can be found in Chapter 4. 


































Test Conditions 


Vout=0.1 V or Voc -0.1 V 
lout] $20 pA 













Maximum Low-Level Input 
Voltage 


Vout=0.1 V or Voc -0.1 V 
lout] S20 nA 










Minimum High-Level Output 
Voltage 


Vin=VIH oF ViL 
lout! S20 pA 















Vin = Vin or Vit out] 36.0 mA 3.98 3.84 3.70 
Hout] 37-8 mA 5.48 5.34 5.20 






Maximum Low-Level Output 
Voltage 


Vin= Vin oF Vit 
lout! $20 wA 





Vin= Vin oF VIL 











MOTOROLA HIGH-SPEED CMOS LOGIC DATA ! 
5-365 


MC54/74HC563 
AC ELECTRICAL CHARACTERISTICS (C; =50 pF, Input tp= tr=6 ns) 
Guaranteed Limit 
Symbol Parameter Vec 25°C to | 
Vv <85°C | <126°C 
| -65°C | | 

tpLH, | Maximum Propagation Delay, Input D to Q 2.0 175 220 
tPHL (Figures 1 and 5) 4.5 35 44 
| ; 30 37 
tpLH, | Maximum Propagation Delay, Latch Enable to 0 2.0 175 220 
tPHL (Figures 2 and 5) 4.5 35 44 
. 6.0 30 37 



































tp_z, | Maximum Propagation Delay, Output Enable to Q 2.0 190 

tPHZ (Figures 3 and 6) 4.5 - 38 

6.0 33 

tpz_, | Maximum Propagation Delay, Output Enable to O 2.0 190 

teZH (Figures 3 and 6) 4.5 38 

| iat 6.0 _8 

tTLH. | Maximum Output Transition Time, Any Output | 2.0 60 75 90 

tTHL (Figures 1 and 5) 4.5 12 
6.0 10 





| Cin | Maximum Input Capacitance en | 


| Cout | Maximum Three-State Output Capacitance (Output in High-lmpedance =| 
State) 


NOTES: 
1. For propagation delays with loads other than 50 pF, see Chapter 4. 
2. Information on typical parametric values can be found in Chapter 4. 





Power Dissipation Capacitance (Per Latch) 

| Used to determine the no-load dynamic power consumption: 
Pp=Cpp Vec*F+icc Voc 

| For load considerations, see Chapter 4. 






Parameter 


Minimum Setup Time, Input D to Latch Enable 
(Figure 4) 






| Minimum Hold Time, Latch Enable to Input D 
(Figure 4) 






Minimum Pulse Width, Latch Enable 
(Figure 2) 





Maximum Input Rise and Fall Times 
(Figure 1) 






NOTE: Information on typical parametric values can be found in Chapter 4. 
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SWITCHING WAVEFORMS 





INPUT D LATCH 
ENABLE 
'PLH tPHL 
Q 50% 
Figure 1. Figure 2. 





V * 
OUTPUT my 
ENABLE GND 
Vcc 
HIGH INPUT D 
IMPEDANCE GND 
a 
V 
OL — Vcc 
. LATCH 
: Von ENABLE GND 
HIGH 
IMPEDANCE 
Figure 3. Figure 4, 
TEST CIRCUITS 


TEST POINT TES POINT 





CONNECT TO Voc WHEN 






OUTPUT 





DEVICE 
UNDER 
TEST 







* Includes all probe and jig capacitance. 


Figure 5. 






TESTING tp, 7 AND tpz,. 
CONNECT TO GND WHEN 
cL* TESTING tpyz AND tpzy. 


DEVICE 
UNDER 
TEST 








* Includes all probe and jig capacitance. 


Figure 6. 
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EXPANDED LOGIC DIAGRAM 


po — [Soa > D 


05 >o—o > 





LATCH 11 0 cS 
ENABLE 


OUTPUT 1 0 pe: 
ENABLE 
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MOTOROLA 
TECHNICAL DATA 


Octal 3-State 


Inverting D Flip-Flop 
High-Performance Silicon-Gate CMOS 


The MC54/74HC564 is identical in pinout to the LS564. The device inputs are 
compatible with standard CMOS outputs; with pullup resistors, they are compatible 
with LSTTL outputs. 

This device is identical in function to the HC534 but has the flip-flop inputs on the 
opposite side of the package from the outputs to facilitate PC board layout. 

Data meeting the setup time is clocked, in inverted form, to the outputs with the 
rising edge of the Clock. The Output Enable input does not affect the states of the 
flip-flops, but when Output Enable is high, all device outputs are forced to the high- 
impedance state. Thus, data may be stored even when the outputs are not enabled. 

The HC564 is the inverting version of the HC574. 


Output Drive Capability: 15 LSTTL Loads 

Outputs Directly Interface to CMOS, NMOS, and TTL 

Operating Voltage Range: 2 to 6 V 

Low Input Current: 1 pA 

High Noise Immunity Characteristic of CMOS Devices 

In Compliance with the Requirements Defined by JEDEC Standard No. 7A 
Chip Complexity: 282 FETs or 70.5 Equivalent Gates 





LOGIC DIAGRAM 

DO Qo 

D1 Q1 

D2 Q2 
Data D3 3 Inverting 
Inputs 74 Q4 | Outputs 

DS Q5 

D6 Q6 

D7 Q7 

Clock 

Output Pin 20=Vcc 
Enable Pin 10= GND 
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MiC54/74HC564 


J SUFFIX 
CERAMIC 
CASE 732-03 


/ . ; : , | : : 
1 
N SUFFIX 
PLASTIC 
CASE 738-03 
20 
1 





DW SUFFIX 
SOIC 
CASE 751D-03 


ORDERING INFORMATION 
MC74HCXXXN Plastic 


MC54HCXXXJ Ceramic 
MC74HCXXXDW_ SOIC 


Ta = —568° to 125°C for all packages. 
Dimensions in Chapter 6. 





PIN ASSIGNMENT 


Output Enable JJ le 


FUNCTION TABLE 
eee oo 


Output | 
Enable Clock 
L si L: 
L H 
L 
H 


no 


Zz 


X= don't care 
Z=high impedance 








MC54/74HC564 


MAXIMUM RATINGS* 


[symbol] SSarametor——~=~S*~*~*~dtCSC‘“‘*‘ SC 
[Vout | DC Output Voltage (Referenced to GND) | —0.5toVoc+0.5 | Vv 
[tin [DC input Curent, prin ——SSSCSC~iSCSCSCti 
Tout [06 Outpt Curent parr Ym 
[Ice | BC Supply Current, Voc end GND Pins SSS S*ma 


Power Dissipation in Still Air, Plastic or Ceramic DIPT i mW 
SOIC Packaget 


Storage Temperature —65 to +150 LC. | 


Lead Temperature, 1 mm from Case for 10 Seconds pom | 
260 


(Plastic DIP or SOIC Package) 
(Ceramic DIP) 
* Maximum Ratings are those values beyond which damage to the device may occur. 
Functional operation should be restricted to the Recommended Operating Conditions. 
tDerating — Plastic DIP: — 10 mW/°C from 65° to 125°C 
Ceramic DIP: — 10 mW/°C from 100° to 125°C 
SOIC Package: —7 mW/°C from 65° to 125°C 
For high frequency or heavy load considerations, see Chapter 4. 






This device contains protection 
circuitry to guard against damage 
due to high static voltages or electric 
fields. However, precautions must 
be taken to avoid applications of any 
voltage higher than maximum rated 
voltages to this high-impedance 










circuit. For proper operation, Vjpn and 
Vout should be constrained to the 
range GND S(Vjn or Vout) s Vcc: 

Unused inputs must always be tied 
to an appropriate logic voltage level 
(e.g., either GND or Vcc). Unused 
outputs must be left open. 










RECOMMENDED OPERATING CONDITIONS 


| Symbol| Parameter | sMin_ | Max | Unit_| 
| Vcc | DC Supply Voltage (Referenced toGND) =| 2.0 | 6.0 | Vv | 
| Vin Vout | DC input Voltage, Output Voltage (Referenced to GND) | _0 | Vcc | Vv __| 
TA Operating Temperature, All Package Types | -55 | +125 | °c | 
























Input Rise and Fall Time 
(Figure 1) 


DC ELECTRICAL CHARACTERISTICS (Voitages Referenced to GND) 


VIH 


Minimum High-Level Input 








Test Conditions 


| Guaranteed Limit —_——| Limit 
25°C to ‘5 
[we | <we [ore © 





Vout=0.1 V or Vec—0.1 V 
llout| $20 nA 


4.2 4.2 
Maximum Low-Level Input — Vout=0.1 V or Vcc —0.1 V 2.0 V 
Voltage llout| $20 wA 4.5 
6.0 
ini igh- in= 1.9 1.9 1.9 


VoOH_ | Minimum High-Level Output Vin= VIH OF VIL 2.0 : ; ‘ V 
Voltage lout! $20 nA j 4.4 4.4 4.4 
6.0 5.9 5.9 5.9 
. Vin = Vin or VIL loutl =6.0 mA 3.98 3.84 3.70 
lout] =7-8 mA 5.48 5.34 5.20 
Vot | Maximum Low-Level Output Vin = Viv or Vit 2.0 V 
| Voltage lout] $20 nA 4.5 
6.0 
Vin=VIH or Vit Hout] $6.0 mA 0.26 0.40 
llout| =7-8 mA 0.26 0.40 
|__lin__| Maximum input Leakage Current | Vin= Vcc or GND (60 | 201 | +10 | 210 | A _| 
Maximum Three-State Leakage | Output in High-lmpedance State +0.5 +5.0 + 10.0 
Current Vin = Vit or ViH 
Vout= Vcc or GND 
Icc Maximum Quiescent Supply Vin= Vcc or GND 
Current (per Package) lout =0 vA 


NOTE: Information on typical parametric values can be found in Chapter 4. 


Voltage 4.5 ee a 
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MC54/74HC564 


AC ELECTRICAL CHARACTERISTICS (Cc; =50 pF, Input t;=t¢=6 ns) 


. | Guaranteed Limit Limit 
Symbol Parameter i 25°C to 
y ° ° 

Maximum Clock Frequency (50% Duty Cycle) : : 4.0 

(Figures 1 and 4) : 20 

: 24 
tpLH, | Maximum Propagation Delay, Clock to Q 

tPpHL (Figures 1 and 4) 


tp_z, | Maximum Propagation Delay, Output Enable to O 
tpHzZ (Figures 2 and 5) 
tpz_, | Maximum Propagation Delay, Output Enable to O 
tPZH (Figures 2 and 5) 


tTLH, | Maximum Output Transition Time, Any Output 
tTHL (Figures 1 and 4) 


Maximum Input Capacitance 





NOTES: 
1. For propagation delays with loads other than 50 pF, see Chapter 4. 
2. Information on typical parametric values can be found in Chapter 4. 


Power Dissipation Capacitance (Per Flip-Flop) Typical @ 25°C, Vcc =5.0 V 


Used to determine the no-load dynamic power consumption: 


Pp=Cpp Vcc2F+Icc Voc 
For load considerations, see Chapter 4. 





TIMING REQUIREMENTS (Input t,=ts=6 ns) 
| Guaranteed Limit Limit 


Parameter 25°C to 
at 


Minimum Setup Time, Data to Clock 
(Figure 3) 





Minimum Hold Time, Clock to Data 
(Figure 3) 


Minimum Pulse Width, Clock 
(Figure 1) 


Maximum Input Rise and Fall Times 
(Figure 1) 





NOTE: Information on typical parametric values can be found in Chapter 4. 
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SWITCHING WAVEFORMS 










V 
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VOH 


High 
Impedance 


Figure 2. 
Vcc 
GND 
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Clock 50% 
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Figure 3. 
TEST CIRCUITS 
Test Point Test Point 












Connect to Vcc when 


testing tpy.7 and tpz_. 
Connect to GND when 


Output 





Device 
Under 


Device 


: . ¥ Under : 
Test T Cy ae C.* testing tpyz and tpzy. 
* Includes all probe and jig capacitance. | * Includes all probe and jig capacitance. 
Figure 4. Figure 5. 
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QO 


Q1 


Q2 


Q3 


Q4 


Q5 


Q6 


Q7 





a SEMICONDUCTOR 





MOTOROLA 
TECHNICAL DATA 


Octal 3-State Noninverting 


Transparent Latch 
High-Performance Silicon-Gate CMOS 


The MC54/74HC573 is identical in pinout to the LS573. The device inputs are 
compatible with standard CMOS outputs; with pullup resistors, they are compatible 
with LSTTL outputs. 

These latches appear transparent to data (i.e., the outputs change asynchron- 
ously) when Latch Enable is high. When Latch Enable goes low, data meeting the 
setup and hold time becomes latched. 

The Output Enable input does not affect the state of the latches, but when Out- 
put Enable is high, all device outputs are forced to the high-impedance state. Thus, 
data may be latched even when the outputs are not enabled. 

The HC573 is identical in function to the HC373 but has the Data Inputs on the 
opposite side of the package from the outputs to facilitate PC board layout. 

The HC573 is the noninverting version of the HC563. 


Output Drive Capability: 15 LSTTL Loads 

Outputs Directly Interface to CMOS, NMOS, and TTL 

Operating Voltage Range: 2 to 6 V 

Low Input Current: 1 A 

High Noise Immunity Characteristic of CMOS Devices 

In Compliance with the Requirements Defined by JEDEC Standard No. 7A 
Chip Complexity: 218 FETs or 54.5 Equivalent Gates 


LOGIC DIAGRAM 





D0 a0 
D1 a1 
D2 02 
DATA D3 a3 NONINVERTING 
INPUTS D4 04 QUTPUTS 
D5 05 
D6 06 
D7 Q7 
LATCH 
ENABLE 


PIN 20=Vec 


OUTPUT PIN 10=GND 


ENABLE 











MC54/74HC573 


J SUFFIX 
CERAMIC 
CASE 732-03 


N SUFFIX 
PLASTIC 
CASE 738-03 





DW SUFFIX 
SOIC 
CASE 751D-03 


ORDERING INFORMATION 
MC74HCXXXN Plastic 


MC54HCXXXJ Ceramic 
MC74HCXXXDW_ SOIC 


TA = —55° to 125°C for all packages. 
Dimensions in Chapter 6. 


PIN ASSIGNMENT 


OUTPUT ENABLE {J 1 


11 [J LATCH ENABLE 


X=don’t care 
Z= high impedance 
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MiC54/74HC573 


MAXIMUM RATINGS* 


[symbol| __—~~S*Parametor——~=S~*~*~wSCS*~<S~«N Sd 
“Vout [D6 Output Votage (Referenced to GND) | ~08toVecro5 | Vv 
in [OCinput Curent porn] aw mA 
tour [DE Output Curent, pr Pin ———SSSSC~*dCSS ma 
icc [BC Supply Current, Voc and GNO Pins 75m 


Power Dissipation in Still Air, Plastic or Ceramic DIPT 750 mW 
SOIC Packaget 500 
Storage Temperature —65 to +150 a 


Lead Temperature, 1 mm from Case for 10 Seconds 
(Plastic DIP or SOIC Package) 
(Ceramic DIP) 


*Maximum Ratings are those values beyond which damage to the device may occur. 
Functional operation should be restricted to the Recommended Operating Conditions. 
tDerating — Plastic DIP: — 10 mW/°C from 65° to 125°C 
Ceramic DIP: — 10 mW/°C from 100° to 125°C 
SOIC Package: —7 mW/°C from 65° to 125°C 
For high frequency or heavy load considerations, see Chapter 4. 






This device contains protection 
circuitry to guard against damage 
due to high static voltages or electric 
fields. However, precautions must 
be taken to avoid applications of any 
voltage higher than maximum rated 
voltages to this high-impedance 










circuit. For proper operation, Vip and 
Vout Should be constrained to the 
range GNDS(Vjn or Vout) S$ Vcc. 

Unused inputs must always be tied 
to an appropriate logic voltage level 
(e.g., either GND or Vcc). Unused 
outputs must be left open. 















RECOMMENDED OPERATING CONDITIONS 


| Symbol | Parameter | Min | Max | Unit _ 
| Vcc __|DC Supply Voltage (Referenced to GND) | 2.0 (| 6.0 | OV 
|_Vin-Vout [DC Input Voltage, Output Voltage (Referenced to GND) | 0 | Vcc | Vv __ 
| Ta [Operating Temperature, All Package Types | 85 | +125 | °C 


tr, tf Input Rise and Fall Time 
(Figure 1) 














DC ELECTRICAL CHARACTERISTICS (Voltages Referenced to GND) 


Minimum High-Level Input 
Voltage 












Test Conditions 


| Guaranteed Limit | Limit 
25°C to ; Z 
Ge Ce ’ c 
6.0 4.2 


Vout=0.1 V or Voc —0.1V 
Hout| 20 pA 





















Maximum Low-Level Input Vout =0.1 V or Vcc — 0.1 V 2.0 0.3 0.3 
Voltage llout| $20 pA 4.5 0.9 0.9 i 
6.0 1.2 1.2 1.2 











2.0 1.9 1.9 1.9 Vv 


4.5 4.4 4.4 4.4 
Vin = ViH oF VIL 


4.5 3.98 3.84 3.70 
6.0 5.48 5.34 5.20 
2.0 0.1 V 
lout <=20 pA . e 
lout] <7-8 ae 0.26 0.40 


he lie. Maximum Input Leakage Current | Vi, = Vcc or GND 


loz Maximum Three-State Leakage | Output in High-lmpedance State +0.5 +5.0 + 10.0 
Current Vin= Vit or Vin 

Icc Maximum Quiescent Supply Vin= Vcc or GND 

Current (per Package) lout =0 pA 


Vout=Vcc or GND 
NOTE: Information on typical parametric values can be found in Chapter 4. 






Minimum High-Level Output 
Voltage 


Vin = VIH oF VIL 
Hout] <20 pA 





















lout <7.8 mA 







Maximum Low-Level Output 
Voltage 
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AC ELECTRICAL CHARACTERISTICS (CL = iu pF, Input t-=ts=6 ns) | . 
| Guaranteed Limit | Limit 
Voc 25°C to 
| 55°C =85°C | <125°C 

tpLH, | Maximum Propagation Delay, Input D to Q 175 
tPHL (Figures 1 and 5) 7 35 7 

6.0 30 37 
tpLH, | Maximum Propagation Delay, Latch Enable to Q 2.0 175 220 
tPHL (Figures 2 and 5) 4.5 35 44 

6.0 30 37 

tpLz, | Maximum Propagation Delay, Output Enable to Q 2.0 
tpHz (Figures 3 and 6) 4.5 

6.0 
tpz_, | Maximum Propagation Delay, Output Enable to 0 2.0 190 
tpZH (Figures 3 and 6) . 4.5 38 

6.0 33 














Parameter 

















tTLH, | Maximum Output Transition Time, Any Output ; 2.0 
tTHL (Figures 1 and 5) 4.5 
6.0 


Memniatcenane ee 


Sn Maximum Three-State Output Capacitance (Output in High-lmpedance iat ee ae Ee 
State) 


NOTES: 
1. For propagation delays with loads other than 50 pF, see Chapter 4. 
2. Information on typical parametric values can be found in Chapter 4. 


Power Dissipation Capacitance (Per Latch) | Typical @ 25°C, Vcc =5.0 V 


Used to determine the no-load dynamic power consumption: 


Pp=Cpp Vcc2F+Icc Vcc | 37 
For load considerations, see Chapter 4. 





TIMING REQUIREMENTS (Input t, =t¢=6 ns) 
| Guaranteed Limit | Limit 
Parameter 25°C to S - 
Minimum Setup Time, Input D to Latch Enable | 
(Figure 4) re ie 
6.0 13 


Minimum Hold Time, Latch Enable to Input D 2.0 
(Figure 4) 4.5 
6.0 


Minimum Pulse Width, Latch Enable : 120 
(Figure 2) : mn 24 
17 


Maximum Input Rise and Fall Times ; 1000 
(Figure 1) : 500 
400 





NOTE: Information on typical parametric values can be found in Chapter 4. 
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SWITCHING WAVEFORMS 
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Figure 3. Figure 4. 
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* includes all probe and jig capacitance. 


Figure 5. 
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TESTING tp_z AND tpzy. 
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UNDER 
TEST 








* Includes all probe and jig capacitance. 


Figure 6. 
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c.* TESTING tpy7 AND tpzy. 





MC54/74HC573 


EXPANDED LOGIC DIAGRAM 
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MOTOROLA 
TECHNICAL DATA 


Octal 3-State 


Noninverting D Flip-Flop 
High-Performance Silicon-Gate CMOS 


The MC54/74HC574 is identical in pinout to the LS574. The device inputs are 
compatible with standard CMOS outputs; with pullup resistors, they are compatible 
with LSTTL outputs. 

Data meeting the setup time is clocked to the outputs with the rising edge of the 
Clock. The Output Enable input does not affect the states of the flip-flops, but 
when Output Enable is high, all device outputs are forced to the high-impedance 
state. Thus, data may be stored even when the outputs are not enabled. 

The HC574 is identical in function to the HC374 but has the flip-flop inputs on the 
opposite side of the package from the outputs to facilitate PC board layout. 

The HC574 is the noninverting version of the HC564. 


@ Output Drive Capability: 15 LSTTL Loads 

® Outputs Directly interface to CMOS, NMOS, and Th. 

@ Operating Voltage Range: 2 to6 V 

@ Low Input Current: 1 wA 

@ High Noise Immunity Characteristic of CMOS Devices 

@ In Compliance with the Requirements Defined by JEDEC Standard No. 7A 
@ Chip Complexity: 266 FETs or 66.5 Equivalent Gates 


LOGIC DIAGRAM 


Data D3 
Inputs D4 


Noninverting 
Outputs 


Clock 


Pin 20= Vcc 
Pin 10= GND 





Output Enable 


= SEMICONDUCTOR Cee ee 


NiC54/74HC574 


J SUFFIX 
CERAMIC 
CASE 732-03 


N SUFFIX 
PLASTIC 
CASE 738-03 


DW SUFFIX 
SOIC 
CASE 751D-03 


ORDERING INFORMATION 
MC74HCXXXN Plastic 


MC54HCXXXJ Ceramic 
MC74HCXXXDW_ SOIC 


TA = —55° to 125°C for all packages. 
Dimensions in Chapter 6. 





PIN ASSIGNMENT 


Output 
Enable [} 1 @ 


FUNCTION TABLE 


Output 
Enable — 


X= don't care 
Z= high impedance 
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MC54/74HC574 


MAXIMUM RATINGS* 


| Symbot| Parameter | Value | Unit _ 
| lin [DC input Current, perPin | tT mA 
| lout [DC Output Current, perPin | 85 | mA 















This device contains protection 
circuitry to guard against damage 
due to high static voltages or electric 
fields. However, precautions must 
be taken to avoid applications of any 
voltage higher than maximum rated 
voltages to this high-impedance 
circuit. For proper operation, Vj, and 
Vout should be constrained to the 
range GND S(Vjn or Vout) Ss Vcc: 
Unused inputs must always be tied . 
to an appropriate logic voltage level 
(e.g., either GND or Vcc). Unused 
outputs: must be left open. 
























Power Dissipation in Still Air, Plastic or Ceramic DIPt 750 mW 
SOIC Packaget 500 



















Lead Temperature, 1 mm from Case for 10 Seconds 


Storage Temperature —65 to +150 
(Plastic DIP or SOIC Package) 


TL 
(Ceramic DIP) 


* Maximum Ratings are those values beyond which damage to the device may occur. 
Functional operation should be restricted to the Recommended Operating Conditions. 
tDerating — Plastic DIP: — 10 mW/°C from 65° to 125°C 
Ceramic DIP: — 10 mW/°C from 100° to 125°C 
SOIC Package: -7 mW/°C from 65° to 125°C 
For high frequency or heavy load considerations, see Chapter 4. 







RECOMMENDED OPERATING CONDITIONS 


Symbol Parameter 
DC Supply Voltage (Referenced to GND) 


DC Input Voltage, Output Voltage (Referenced to GND) 
Operating Temperature, All Package Types 


tr, tf | Input Rise and Fall Time 
(Figure 1) 


Symbol Parameter 
| Minimum High-Level Input 











Test Conditions 

















Vout=0.1 V or Voc—-0.1 V 
llout| $20 nA 





Voltage 














Maximum Low-Level Input 
Voltage 


Vout =0.1 V or Voc —0.1 V 
llout| $20 pA 










Minimum High-Level Output 
Voltage 





Vin= Vin oF VIL 
lout] $20 nA 


4.4 4.4 4.4 
5.9 5.9 5.9 
Vin= Vin oF Vib Hout] <6.0 mA 3.98 3.84 3.70 
Hout| <7-8 mA 5.48 5,34 5.20 
Vin= ViH or VIL 2.0 
4.5 
6.0 














Maximum Low-Level Output 
Voltage 






Vin= VIH oF VIL 









lout! $20 pA 
[lout| =6.0 mA 0.26 0 
llout| $7.8 mA 0.26 0 


.40 
.40 
| lin Maximum Input Leakage Current | Vin =Vcc or GND | 6.0 | +0.1 pA 
pA 
Vin= Vit or ViH 


V 
Maximum Three-State Leakage | Output in High-lmpedance State +0.5 +5.0 + 10.0 
. Vout= Vcc or GND 
Icc Maximum Quiescent Supply Vin= Vcc or GND pA 
Current (per Package) lout =0 nA 


. NOTE: Information on typical parametric values can be found in Chapter 4. 








Current 
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AC ELECTRICAL CHARACTERISTICS (C; =50 pF, input t,=ts=6 ns) 


Symbol Parameter 
fmax | Maximum Clock Frequency (50% Duty Cycle) : : : 4.0 
(Figures 1 and 4) : 20 
. 24 
tpLH. | Maximum Propagation Delay, Clock to Q : 
tPHL (Figures 1 and 4) 


| tp_Lz, | Maximum Propagation Delay, Output Enable to Q 
| tpHz (Figures 2 and 5) 
tpz_, | Maximum Propagation Delay, Output Enable to 0 
tpZH (Figures 2 and 5) 
tTLH, | Maximum Output Transition Time, Any Output 
tTHL (Figures 1 and 4) 


| Cin__[Maximum input Capacitance | | 


Cout | Maximum Three-State Output Capacitance (Output in High-lmpedance ia 
State) 





NOTES: 
1, For propagation delays with loads other than 50 pF, see Chapter 4. 
2. Information on typical pararstric values can be found in Chapter 4. 


Power Dissipation Capacitance (Per Flip-Flop) 
Used to determine the no-load dynamic power consumption: 


Pp=Cpp Vecf+icc Vcc 
For load considerations, see Chapter 4. 





TIMING REQUIREMENTS (input t,=t¢=6 ns) 






Parameter 








Minimum Setup Time, Data to Clock 
(Figure 3) 








Minimum Hold Time, Clock to Data 
(Figure 3) 







Minimum Pulse Width, Clock 
(Figure 1) 







Maximum Input Rise and Fall Times 
(Figure 1) 







NOTE: Information on typical parametric values can be found in Chapter 4. 
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SWITCHING WAVEFORMS 





V 
Vec Output ce 
Glock Enable 

—— GND GND 

High 
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Figure 1. Figure 2. 
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Figure 3. 
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| CL Test ii CL 
* Includes all probe and jig capacitance. * Includes all probe and jig capacitance. 

Figure 4. Figure 5. . 


LALA IL EEE 
‘MOTOROLA HIGH-SPEED CMOS LOGIC DATA 
5-382 


DO 


D1 


D2 


D3 


D4 


D5 


D6 


D7 


Clock 


Output 
Enable 


MC54/74HC574 


EXPANDED LOGIC DIAGRAM 
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a SEMICONDUCTOR 


MOTOROLA 
TECHNICAL DATA 


8-Bit Serial or Parallel-Input/ 
Serial-Output Shift Register 


with 3-State Output 
High-Performance Silicon-Gate CMOS 


The MC54/74HC589 is similar in function to the HC597, which is not a 3-state 
device. The device inputs are compatible with standard CMOS outputs; with pullup 
resistors, they are compatible with LSTTL outputs. 

This device consists of an 8-bit storage latch which feeds parallel data to an 8-bit 
shift register. Data can also be loaded serially (see Function Table). The shift regis- 
ter output, QH, is a three-state output, allowing this device to be used in bus- 
oriented systems. 

The HC589 directly interfaces with the Motorola SPI serial data port on CMOS 
MPUs and MCUs. 


Output Drive Capability: 15 LSTTL Loads 

Outputs Directly Interface to CMOS, NMOS, and TTL 

Operating Voltage Range: 2 to 6 V 

Low Input Current: 1 pA 

High Noise Immunity Characteristic of CMOS Devices 

In Compliance with the Requirements Defined by JEDEC Standard No. 7A 
Chip Complexity: 526 FETs or 131.5 Equivalent Gates 


LOGIC DIAGRAM 
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NMIiC54/74HC589 


J SUFFIX 
CERAMIC 
CASE 620-09 


N SUFFIX 
PLASTIC 
CASE 648-08 


D SUFFIX 
SOIC 
CASE 751B-03 





ORDERING INFORMATION 
MC74HCXXXN Plastic 


MC54HCXXXJ Ceramic 
MC74HCXXXD SOIC 


Ta = —55° to 125°C for all packages. 
Dimensions in Chapter 6. 


PIN ASSIGNMENT 


129 Latch Clock 
11] Shift Clock 


10 0 Output Enable 
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MC54/74H C589 


MAXIMUM RATINGS* 


[srmbet | ___Permense [vats Wnt 
| Vcc _|DC Supply Voltage (Referenced to GND) | -0.8t0 +7.0 | V__ | 
[Vin [DC input Voltage (Referenced to GND) | -1StoVec+is | Vv 
[Wout | DC Output Vonage (Referenced to GND) _——~«d; 0. wvec+os| Vv _| 

DC Input Current, per Pin or aa 
Tout [DC Output Curent, prin ———SCS~S~—SSCia SSC 
ieee [06 spn Cares vex aN RS | a 


Power Dissipation in Still Air, Plastic or Ceramic DIPT ed mW 
SOIC Packaget 
Storage Temperature -65 to +150 °C 


Lead Temperature, 1 mm from Case for 10 Seconds 
(Plastic DIP or SOIC Package) 
(Ceramic DIP) 


*Maximum Ratings are those values beyond which damage to the device may occur. 
Functional operation should be restricted to the Recommended Operating Conditions. 
tDerating — Plastic DIP: — 10 mW/°C from 65° to 125°C 
Ceramic DIP: —10 mW/°C from 100° to 125°C 
SOIC Package: -7 mW/°C from 65° to 125°C 
For high frequency or heavy load considerations, see Chapter 4. 


















This device contains protection 
circuitry to guard against damage 
due to high static voltages or electric 
fields. However, precautions must 
be taken to avoid applications of any 
voltage higher than maximum rated 
voltages to this high-impedance 
circuit. For proper operation, Vj, and 
Vout should be constrained to the 
range GND Ss(Vjn or Vout) S Vcc. 
Unused inputs must always be tied 
to an appropriate logic voltage level 
(e.g., either GND or Vcc). Unused 
outputs must be left open. 















RECOMMENDED OPERATING CONDITIONS 


[symbol[ Parameter SS~*d;CMin’ |“ Max | Unit | 
Veg [BC Supply Votiage (Referenced to GND) —~=S=~“*‘“rC | 8 | 
[Vin.Vour | DC input Voltage, Output Voltage (Referenced w GND) | 0 | Veo | v | 
Ta [Operating Temperature, AllPackage Types + 86 | vue *C | 


tr, tf Input Rise and Fall Time 
(Figure 1) 








DC ELECTRICAL CHARACTERISTICS (Voltages Referenced to GND) 


| Guaranteed Limit Limit 
Symbol Parameter "ee 25°C to ° P 
_55°C s85°C | =125°C 

Minimum High-Level Input Vout=9.1 V or Vcc —-90.1 V 
Voltage Hout| $20 pA is as 

6.0 4.2 
Maximum Low-Level Input Vout =9.1 V or Vcc —0.1 V 2.0 V 
Voltage Hout| $20 pA 4.5 

6.0 


VOH | Minimum High-Level Output Vin= VIH or VIL 2.0 1.9 1.9 1.9 V 
Voltage lloutl $20 nA ee oe = : . : 
Vin = ViIH oF VIL Hout] $6.0 mA 3.98 3.84 3.70 
VOL 2.0 
as 











Test Conditions 



















Maximum Low-Level Output Vin=VIH oF VIL V 
Voltage out] 20 pA 
Vin=VIH or ViL \lout| 6.0 mA 0.26 0.40 

Clin | Maximum Input Leakage Current | Vin =Vcc or GND 

Maximum Three-State Leakage /{ Output in High-Impedance State +0.5 +5.0 + 10.0 

Current Vin= VIL or Vin 

Icc Maximum Quiescent Supply Vin=Vcc or GND 
Current (per Package) lout =0 pA 


NOTE: Information on typical parametric values can be found in Chapter 4. 
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MC54/74H C589 


AC ELECTRICAL CHARACTERISTICS (C,, =50 pF, Input t;=tp=6 ns) 
' Guaranteed Limit 
Symbol Parameter cc © : 
m Vv | B°Cto | <esee | < 125°C 
—55°C | 
fmax | Maximum Clock Frequency (50% Duty Cycle) O- 48 4.0 
(Figures 2 and 8) ' 24 
A 28 
tpLH, | Maximum Propagation Delay, Latch Clock to Qy 
tPHL (Figures 1 and 8) 
tpLH, | Maximum Propagation Delay, Shift Clock to Qy 
tPHL (Figures 2 and 8) 


tpLH. | Maximum Propagation Delay, Serial Shift/Parallel Load to Qh 
tPHL (Figures 4 and 8) 


tp_z, |Maximum Propagation Delay, Output Enable to Qy 
tpHz (Figures 3 and 9) 
tpz_, | Maximum Propagation Delay, Output Enable to Qyy 
tpzH (Figures 3 and 9) 


tTLH, | Maximum Output Transition Time, Any Output 
tTHL | (Figures 1 and 8) 


Maximum Input Capacitance 


Cout | Maximum Three-State Output Capacitance (Output in High-lmpedance 
State) i: 





NOTES: 
1. For propagation delays with loads other than 50 pF, see Chapter 4. 
2. Information on typical parametric values can be found in Chapter 4. 


Power Dissipation Capacitance (Per Package) Typical @ 25°C, Voc =5.0 V 
Used to determine the no-load dynamic power consumption: 


Pp=Cpp Vec*F+Icc Vcc 
For load considerations, see Chapter 4. 
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TIMING REQUIREMENTS (input t, = tf=6 ns) 


Symbol Parameter 


Minimum Setup Time, A-H to Latch Clock ‘ 
(Figure 5) : 30 
26 


Minimum Setup Time, Serial Data Input Sa to Shift Clock : 
(Figure 6) : 30 


Minimum Setup Time, Serial Shift/Parallel Load to Shift Clock 
(Figure 7) 


Minimum Hold Time, Latch Clock to A-H 
(Figure 5) 


Minimum Hold Time, Shift Clock to Serial Data Input Sa 
(Figure 6) 


Minimum Hold Time, Shift Clock to Serial Shift/Parallel Load 
(Figure 7) 


Minimum Pulse Width, Shift Clock 
(Figure 2) 


Minimum Pulse Width, Latch Clock 
(Figure 1) 


Minimum Pulse Width, Serial Shift/Parallel Load 
(Figure 4) 


Maximum Input Rise and Fall Times 
(Figure 1) 


—_ — 7 ook 

oe ie ee “¥6|eeolonclons 
SINNSINNSINANGES 

SEsiSeBp of NSIC SSN Nas 





NOTE: Information on typical parametric values can be found in Chapter 4. 


FUNCTION TABLE 


Inputs 
Operation Output | Serial Shift/ | Latch | Shift Data Shift 
Enable | Parallel Load| Clock | Clock Latch Register 
Contents Contents 
X X 


Force output into high-impedance state H 
Load parallel data into data latch 
Transfer latch contents to shift register 


Contents of input latch and shift 
register are unchanged 

Load parallel data into data latch and 
shift register 

Shift serial data into shift register 


Load parallel data in data latch and shift 
serial data into shift register 





LR=latch register contents 

SR= shift register contents 

a-h = data at parallel data inputs A-H 
D=data (L, H) at serial data input Sa 
U=remains unchanged 

X= don't care 

Z=high impedance 

* = depends on Latch Clock input 
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SWITCHING WAVEFORMS 














Vcc 
Latch Clock Shift Clock 


—— GND 


Figure 1. (Serial Shift/Parallel Load = L) 


Output “ec V 
Enable Serial Shift/ SS 
—— GND Parallel Load ae 
High os 
Impedance 
QH 
F 90%—— VOH 
A High 
Impedance 


Figure 4. 
Figure 3. 













Data Valid Data Valid 
| Vcc Vcc 
A-H SA 
GND GND 
Latch Clock Shift Clock 
Figure 5. Figure 6. 
5 Test Point 
Serial Shift/ eee piiteu 
Parallel Load Hevics 
one Under Cy) + 
Test T L 
Shift Clock — 
* Includes all probe and jig capacitance. 
Figure 7. Figure 8. Test Circuit 
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TEST CIRCUIT 











Device 
Under 
Test 


Test Point 


Connect to Vcc when 


testing tp_z and tpz7_. 
Connect to GND when 


testing tpyz and tpzy. 


* Includes all probe and jig capacitance. 


Figure 9. 


PIN DESCRIPTIONS 


DATA INPUTS 

A, B, C, D, E, F, G, H (PINS 15, 1, 2, 3, 4, 5, 6, 7) — 
Parallel data inputs. Data on these inputs are stored in the 
data latch on the rising edge of the Latch Clock input. 

Sa (PIN 14) — Serial data input. Data on this input is shifted 
into the shift register on the rising edge of the Shift Clock 
input if Serial Shift/Parallel Load is high. Data on this input 
is ignored when Serial Shift/Parallel Load is low. 


CONTROL INPUTS 


SERIAL SHIFT/PARALLEL LOAD (PIN 13) — Shift register 
mode control. When a high level is applied to this pin, the 
shift register is allowed to serially shift data. When a low level 
is applied to this pin, the shift register accepts parallel data 
from the data latch. 
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SHIFT CLOCK (PIN 11) — Serial shift clock. A low-to-high 
transition on this input shifts data on the serial data input into 
the shift register and data in stage H is shifted out Qu, being 
replaced by the data previously stored in stage G. 

LATCH CLOCK (PIN 12) — Data latch clock. A low-to-high 
transition on this input loads the parallel data on inputs A-H 
into the data latch. 

OUTPUT ENABLE (PIN 10) — Active-low output enable. A 
high level applied to this pin forces the Qyj output into the 
high impedance state. A low level enables the output. This 
control does not affect the state of the input latch or the shift 
register. 


OUTPUT 


Qy (PIN 9) — Serial data output. This pin is the output from 
the last stage of the shift register. This is a 3-state output. 
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~ TIMING DIAGRAM 


Shift Clock 
Serial Data | | | 
Input, SA | | | 


| | 

| | | 
Output Enable 

| | 






| 
Serial Shift/ | : | 
Parallel Load | | | | | 
11 ; | odd | | II 
| | ! | 1} 
Latch Clock | Ls | ; | 7 | 3 ) | 1 
i aw ! pa ha | ltt i nl 
| | 1 iotl | | | | 1 11 
Al | (4 1 | yl i | yl I 
Ito | an ee | troy I tI 
, 1! | toy tl | or ae LI 11 
Bet yy tk itd iL l yl 1 
bow | | : I | | ie l I 
1 ot | VI | . a A || 1] 
cL J iH rong yb ao jb I 
Podboon rlyy | bt I [| 
| i | | bbe ds | } | | iI I | 
D oo L L L 
Parallel boty | ie ire Tia l Li | lt LI 
Data , ott Pode el | =) Ge lI It 
Inputs 1 ot 1otodt . | | |! | 
ae ee ae i beta . iL 1 | if i 
1 ot ee ae ae | } io [| 1 | 
ee ae | ri | 
Fook (H mee he | mh i 
1 ol | | 1 qt | I | | Vl I 
l 1 | Ley aed | i | | | | | | 
Gf yy ft ame ib Li jb ir 
a ae i a EN | lr cA I Iho 
[iif ret ti | er rt 
# Lt | ‘i LOT Le ie 4 1 
oy tq | 1 | J | 11 












LPH|LITHILE HPL Le ey 





. ie | sist ; 
| 
| je—Serial Shift! «x —_—_—_——-Seerial Shift _————»! «Serial me «Serial Shift > 
Reset Latch Load Latch Parallel Load Load Latch Parallel Load Parallel Load, Latch 
and Shift Register Shift Register Shift Register and Shift Register 
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LOGIC DETAIL 


Output Enable ue 


SA 14 






Shift Clock U 


Serial Shift/ 13 
Parallel Load 


Latch Clock 12 


| 

| 

| 

| 

Parallel basses” Soca caicas Seas ess es caer: Nae acl a a ee eas oe he = a. ee ee | 
~ 7 

| 


Data 2 
Inputs f C —4 Stage C* 





*NOTE: Stages C thru G (not shown in detail) are identical to stages A and B above. 
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a SEMICONDUCTOR 
TECHNICAL DATA 


MOTOROLA 


Advance Information _ 
8-Bit Serial-Input/Serial or 
Parallel-Output Shift Register 


with Latched 3-State Outputs 
High-Performance Silicon-Gate CMOS 


The MC54/74HC595A is identical in pinout to the LS595. The device 
inputs are compatible with standard CMOS outputs; with pullup resistors, 
they are compatible with LSTTL outputs. 

The HC595A consists of an 8-bit shift register and an 8-bit D-type latch 
with three-state parallel outputs. The shift register accepts serial data and 
provides a serial output. The shift register also provides parallel data to 
the 8-bit latch. The shift register and latch have independent clock inputs. 
This device also has an asynchronous reset for the shift register. 

The HC595A directly interfaces with the Motorola SPI serial data port on 
CMOS MPUs and MCUs. 


Output Drive Capability: 15 LSTTL Loads 

Outputs Directly Interface to CMOS, NMOS, and TTL 

Operating Voltage Range: 2.0 to 6.0 V 

Low Input Current: 1.0 uA 

High Noise Immunity Characteristic of CMOS Devices 

In Compliance with the Requirements Defined by JEDEC Standard 
No. 7A 

Chip Complexity: 328 FETs or 82 Equivalent Gates 

Improvements over HC595 

@ Improved Propagation Delays 

@ 50% Lower Quiescent Power 

@ Improved Input Noise and Latchup Immunity 





LOGIC DIAGRAM 
SERIAL 
DATA % A Qa 
INPUT Op 
P PARALLEL 
| D DATA 
SHIFT Qe | OUTPUTS 
REGISTER 
Of 
Qg 
Qy 
SHIFT 
CLOCK 
SERIAL 
RESET SOy DATA 
rea OUTPUT 
CLOCK 
OUTPUT 
Bs Vcc = PIN 16 
GND = PIN8 
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J SUFFIX 
CERAMIC 
CASE 620-09 


N SUFFIX 
PLASTIC 
CASE 648-08 


D SUFFIX 
SOIC 
CASE 751B-03 





ORDERING INFORMATION 
MC74HCXXXAN __s— Plastic 


MC54HCXXXAJ Ceramic 
MC74HCXXXAD SOIC 


PIN ASSIGNMENT 


Voc 

Qa 

A 

OUTPUT ENABLE 

LATCH CLOCK 
11) SHIFT CLOCK 
10) RESET 


1 
2 
3 
4 
5 
6 
7 
8 


This document contains information on a new product. Specifications and information herein are subject to change without notice. 
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MAXIMUM RATINGS* 


[symbot[ __——~—~Paramer——=—SS*dCSSCl® YC | 
Vour | BC Output Votage Referenced to GND| | ~0Stoveo+05]| _V_ 
tin |OCInpue Curent porPin——SSS*~*dCSCi dC 
Tout [OC Omit Current porPin——SSSCS~*~dtCSC*~“~i CC 
ie A 

C 






V 
m 
m 


Icc DC Supply Current, Vcc and GND Pins 


Power Dissipation in Still Air, Plastic or Ceramic DIP 750 mW 
SOIC Package 500 
Storage Temperature 


Lead Temperature, 1 mm from Case for 10 Seconds 
(Plastic DIP or SOIC Package) 
(Ceramic DIP) 


*Maximum Ratings are those values beyond which damage to the device may occur. 
Functional operation should be restricted to the Recommended Operating Conditions. 























RECOMMENDED OPERATING CONDITIONS 





Parameter 


DC Supply Voltage (Referenced to GND) 


Vin. Vout | DC Input Voltage, Output Voltage Vcc V 
(Referenced to GND) 














Operating Temperature, All Package Types 


Input Rise and Fall Time 
(Figure 1) 














tr, tf 














Parameter 


Vout =9.1 V or Voc —0.1 V 
lloutl S20 nA 


Minimum High-Level Input 
Voltage 



















Vout =9.1 V or Voc -0.1 V 
lloutl<20 uA 


Maximum Low-Level Input 
Voltage 















Vin=VIH OF VIL 
lloutl S20 wA 


Minimum High-Level Output 
Voltage, Qa-OH 












Vin=VIH OF VIL 












Maximum Low-Level Output 
Voltage, Oa-QH 


Vin=VIH or VIL 
lloutl=20 nA 






Vin = VIH or ViL 
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1.5 1.5 
3.15 3.15 
4.2 4.2 

2.0 0.5 0.5 
4.5 1.35 1.35 
6.0 1.8 1.8 
5.9 5.9 

3.98 3.84 3.7 
5.48 5.34 5.2 

| 0.1 0.1 


0.1 0.1 0.1 
0.1 0.1 0.1 
0.26 0.33 0.4 
0.26 0.33 0.4 


MOTOROLA HIGH-SPEED CMOS LOGIC DATA 


This device contains protection 
circuitry to guard against damage 
due to high static voltages or elec- 
tric fields. However, precautions 
must be taken to avoid applica- 
tions of any voltage higher than 
maximum rated voltages to this 
high-impedance circuit. For 
proper operation, Vjn and Vout 
should be constrained to the 
range GND < (Vjn or Vout) S Vcc. 

Unused inputs must always be 
tied to an appropriate logic volt- 
age level (e.g., either GND or 
Vcc). Unused outputs must be 
left open. 










V 
V 
V 
5.9 
V 


0 
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DC ELECTRICAL CHARACTERISTICS (Continued) 


Parameter Test Conditions 
<85°C | <125°C 


Minimum High-Level Output Vin=VIH Or VIL 
Voltage, SQy loutl=20 pA 2 ‘4 


Vin=VIH or VIL lloyt|=4.0 mA es 98 3.84 3.7 

llout|<5.2 mA es 48 5.34 5.2 
Maximum Low-Level Output Vin=ViIH or VIL V 
Voltage, SQ} lloutl<20 nA a 
6.0 
Vin=VIH oF VIL llout|S4.0 mA 0.26 0.33 0.4 
llout|<5.2 mA 0.26 0.33 0.4 
1.0 
10 


Maximum Input Leakage Current | Vin =Vcc or GND +0.1 st 


Maximum Three-State Leakage | Output in High-lmpedance State +0.5 ~+5.0 cs = 
Current, Qa-Oy Vin=ViL or VIH 
Vout=Vcc or GND 
Icc Maximum Quiescent Supply Vin=Vcc or GND 

Current (per Package) lout =0 vA 


| Guaranteed Limit —_| Limit 


Parameter 

<85°C | <125°C 
Maximum Clock Frequency (50% Duty Cycle) : 
(Figures 1 and 7) : a 
‘ 28 
: 175 
35 
30 
180 
36 
31 


Maximum Propagation Delay, Shift Clock to SQy 
(Figures 1 and 7) 


Maximum Propagation Delay, Reset to SQ 
(Figures 2 and 7) 


Maximum Propagation Delay, Latch Clock to Qa-Qy 
(Figures 3 and 7) 


Maximum Propagation Delay, Output Enable to Oa-Qy 
(Figures 4 and 8) 


Maximum Propagation Delay, Output Enable to Qa-Qy 
(Figures 4 and 8) 


Maximum Output Transition Time, Qa-Qy 
(Figures 3 and 7) 


Maximum Output Transition Time, SQW 
(Figures 1 and 7) 


eine | Maximum Input Capacitance 


Cout | Maximum Three-State Output Capacitance 
(Output in High-lmpedance State), Qa-QyH 


Power Dissipation Capacitance (Per Package) Typical @ 25°C, Vcc = 5.0 V 
Used to determine the no-load dynamic power consumption: 
Pp = Cep Vec*f + Iec Vec a ae 
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TIMING REQUIREMENTS (Input t; = t¢ = 6.0 ns) 
Parameter 


Minimum Setup Time, Serial Data Input A to Shift Clock 
(Figure 5) 


Minimum Setup Time, Shift Clock to Latch Clock 
(Figure 6) 


Minimum Hold Time, Shift Clock to Serial Data Input A 
(Figure 5) 


Minimum Recovery Time, Reset Inactive to Shift Clock 
(Figure 2) 


Minimum Pulse Width, Reset 
(Figure 2) 


Minimum Pulse Width, Shift Clock 
(Figure 1) 


Minimum Pulse Width, Latch Clock 
(Figure 6) 


Maximum Input Rise and Fall Times 
(Figure 1) 


FUNCTION 


Serial 


Operation 
Reset | Input 


Latch 
Clock 


Reset shift register 
Shift data into shift register 


Shift register remains 
unchanged 

Transfer shift register contents 
to latch register 

Latch register remains 
unchanged 

Enable parallel outputs 

Force outputs into high- 
impedance state 


SR = shift register contents 
LR = latch register contents 


data (L, H) logic level 
remains unchanged 


NX 





don’t care 
high impedance 


50 65 75 
10 


9.0 


Vcc 
V 





1000 1000 1000 
500 500 500 
400 400 

TABLE 


Resulting Function 


Latch 
Register 
Contents 


Shift 
Register 
Contents 


L 
D— SRa; 
SRN > SRN+1 
U 


Parallel 
Outputs 
O,a-OH 


Serial 
Output 
SQy 


Output 
Enable 


Enabled 
Z 


* = depends on Reset and Shift Clock inputs 
** = depends on Latch Clock input 


PIN DESCRIPTIONS 


INPUTS 
A (Pin 14) — Serial Data Input. The data on this pin is 
shifted into the 8-bit serial shift register. 


CONTROL INPUTS 

Shift Clock (Pin 11) — Shift Register Clock Input. A low- 
to-high transition on this input causes the data at the 
Serial Input pin to be shifted into the 8-bit shift register. 
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Reset (Pin 10) — Active-low, Asynchronous, Shift Reg- 
ister Reset Input. A low on this pin resets the shift register 
portion of this device only. The 8-bit latch is not affected. 

Latch Clock (Pin 12) — Storage Latch Clock Input. A 
low-to-high transition on this input latches the shift reg- 
ister data. 

Output Enable (Pin 13) — Active-low Output Enable. A 
low on this input allows the data from the latches to be 








MC54/74HC595A 


presented at the outputs. A high on this input forces the 
outputs (Qa-Qy) into the high-impedance state. The 
serial output is not affected by this control unit. 


3-state, latch outputs. 
SQy (Pin 9) — Noninverted, Serial Data Output. This 
is the output of the eighth stage of the 8-bit shift register. 


This output does not have three-state capability. 
OUTPUTS 


Q,a-Oy (Pins 15, 1, 2, 3, 4, 5, 6, 7) — Noninverted, 









































SWITCHING WAVEFORMS 
Vec 
SHIFT RESET 
CLOCK —— GND 
OUTPUT 
SQH 
OUTPUT Vec 
SOY SHIFT 
CLOCK ae 
— GND 
Figure 1. Figure 2. 
LATCH Vec Vcc 
CLOCK OUTPUT 
HIGH 
STG IMPEDANCE 
Qq-0y VOL 
OUTPUTS 
OUTPUT 0 oh 
tTLH HIGH 
IMPEDANCE 
Figure 3. Figure 4. 
VALID 
V, 
Vec SHIFT - 
ose cLock én 
GND 
V 
7 NGC LATCH se 
SHIFT CLOCK 
CLOCK GND GND 
Figure 5. Figure 6. 
TEST CIRCUITS 
TEST POINT Teel ny 
CONNECT TO Vcc WHEN 
OUTPUT OUTPUT TESTING tp. AND tpz,. 
ave pou CONNECT TO GND WHEN 
TESTING tpy7 AND tpzy. 





*includes all probe and jig capacitance. 


Figure 7. 
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*Includes all probe and jig capacitance. 


Figure 8. 


OUTPUT 
ENABLE 


LATCH 
CLOCK 


SERIAL 
DATA 
INPUT A 


SHIFT 
CLOCK 


RESET 


11 
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EXPANDED LOGIC DIAGRAM 
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OA 
OB 
Qc 
Qp 
PARALLEL 
DATA 
OUTPUTS 
Or 
OF 
Qg 
Qy 
SERIAL 
DATA 
OUTPUT SQy 
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TIMING DIAGRAM 


“TLE LILO LITLE LLL $_ LAL FFLL_LT1__ 
CLOCK 
SERIAL DATA nae (Cree ks eee, (kk ee ee 
INPUT A 
RESET | | 
LATCH 
CLOCK | | | 
OUTPUT 
ENABLE er) a ee 
e © XXX 
Oat ee O~<‘<‘C;C;«OSW*S*‘(SS*<*‘“;*‘*‘sd 
Of | x x x] | 
aa: nears 6. <n 
CR ET —— Ln 
Qy Ix x x] 
SERIAL DATA | | 
OUTPUT SOq Die ete ect sg SB ee L | =a 


NOTE: KXX implies that the output is in a high-impedance state. 
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MC54/74HC597 
8-Bit Serial or Parallel-Input/ 


Serial-Output Shift Register re ana 


with Input Latch aia 
High-Performance Silicon-Gate CMOS 


N SUFFIX 


- . PLASTIC 
The MC54/74HC597 is identical in piriout to the LS597. The device inputs are CASE 648-08 


compatible with standard CMOS outputs; with pullup resistors, they are compatible 
with LSTTL outputs. 
This device consists of an 8-bit input latch which feeds parallel data to an 8-bit D SUFFIX 
shift register. Data can also be loaded serially (see Function Table). SOIC 
The HC597 is similar in function to the HC589, which is a 3-state device. CASE 751B-03 


Output Drive Capability: 10 LSTTL Loads 


Outputs Directly Interface to CMOS, NMOS, and TTL 
Operating Voltage Range: 2 to 6 V ORDERING INFORMATION 


e 
e 
® 
@ Low Input Current: 1 pA 
@ 
e 
@ 





MC74HCXXXN Plastic 
MC54HCXXXJ Ceramic 
MC74HCXXXD SOIC 


High Noise Immunity Characteristic of CMOS Devices 
In Compliance with the Requirements Defined by JEDEC Standard No. 7A 
Chip Complexity: 516 FETs or 129 Equivalent Gates 


TA = —55° to 125°C for all packages. 
Dimensions in Chapter 6. 





AM 
eee. PIN ASSIGNMENT 


Serial 
Data {s: 14 
Input 


15 





— 


Parallel Load 
Latch Clock 


Parallel 
Data 
Inputs 


Shift 


Input 
Latch Register 


1 
2 
3 
4 
5 
6 
z 
8 


roa nmmoan ww YP 
NI [om Jw |Jo |r 


9 Serial 
QH Data 
Output 





Latch Clock > 





Shift Clock 
Serial Shift/ 13 


Pin 16=Vcc 
Parallel Load Pin 8=GND 


Reset 


a Rr oe | 
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MAXIMUM RATINGS* 



















This device contains protection 
circuitry to guard against damage 
due to high static voltages or electric 
fields. However, precautions must 
be taken to avoid applications of any 
voltage higher than maximum rated 
voltages to this high-impedance 
circuit. For proper operation, Vjp, and 
Vout should be constrained to the 
range GND <(Vjn or Vout) = Vcc. 
Unused inputs must always be tied 
to an appropriate logic voltage level 
(e.g., either GND or Vcc). Unused 
outputs must be left open. 








tin [DC input Current, perPinSSSC*dYSCSCSC*~ia Ym 

| lout [DC Output Current, per Pin | | mA 

Pe Power Dissipation in Still Air, Plastic or Ceramic DIPT 750 
SOIC Packaget 500 


Storage Temperature —65 to + 150 


Lead Temperature, 1 mm from Case for 10 Seconds 
(Plastic DIP or SOIC Package) 
(Ceramic DIP) 






CC 
Vin DC Input Voltage (Referenced to GND) —1.5 to Vec+1.5 
lec 


* Maximum Ratings are those values beyond which damage to the device may occur. 
Functional operation should be restricted to the Recommended Operating Conditions. 


tDerating — Plastic DIP: —10 mW/°C from 65° to 125°C 
. Ceramic DIP: — 10 mW/°C from 100° to 125°C 
SOIC Package: —7 mW/°C from 65° to 125°C 
For high frequency or heavy load considerations, see Chapter 4. 


RECOMMENDED OPERATING CONDITIONS 


[symbol] Parameter SSS*d Min | Max | Unit | 
Vico [BE Supply Vohage (Referenced to GND) ————«dt~2o | 
Vin.Vout| DC input Vottage, Output Voltage (Referenced to GND) | 0 
Ta [Operating Temperature, AllPackage Tynes (| -s8 | +125] °c _ 














Input Rise and Fall Time 
(Figure 1) 


DC ELECTRICAL CHARACTERISTICS (Voltages Referenced to GND) 














Voc 25°C to | 
i 
2.0 1.5 1.5 1.5 V 


Test Conditions 


Symbol Parameter 











VIH Minimum High-Level Input Vout =0.1 V or Vcc -0.1 V 
Voltage lout] 20 pA 4.5 3.15 3.15 3.15 
6.0 4.2 4.2 4.2 
VIL Maximum Low-Level Input Vout =0.1 V or Vcc -0.1 V 2.0 0.3 0.3 V 
Voltage llout| $20 pA 4.5 0.9 0.9 
6.0 1.2 1.2 
VoH_ | Minimum High-Level Output Vin = ViIH or VIL 2.0 1.9 1.9 1.9 V 
Voltage lout] $20 pA 4.5 4.4 4.4 4.4 
6.0 5.9 5.9 5.9 
Vin = ViH_ or VIL lout] 4.0 mA 3.98 | 3.84 3.70 
Voi | Maximum Low-Level Output Vin = VIH or VIL 2.0 V 
Voltage llout| $20 pA 
Vin = Vin or VIL llout| $4.0 mA : 0.26 0.40 
é lout! =5.2 mA . 0.26 0.40 
|__lin _| Maximum input Leakage Current | Vin= Vcc or GND | 6.0 | 01 | +10 | £10 | WA 
Icc | Maximum Quiescent Supply Vin=Vcc or GND 8 pA 
Current (per Package) lout =0 nA 


NOTE: Information on typical parametric values can be found in Chapter 4. 
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AC ELECTRICAL CHARACTERISTICS (C, =50 pF, Input t,=tp=6 ns) 


Symbol 
fmax | Maximum Clock Frequency (50% Duty Cycle) 
(Figures 2 and 8) 
tpLH. | Maximum Propagation Delay, Latch Clock to Qy 
tPHL (Figures 1 and 8) 
tpLH. | Maximum Propagation Delay, Shift Clock to Qy 
tPHL (Figures 2 and 8) 


Parameter 


tpH_ | Maximum Propagation Delay, Reset to Qy 
(Figures 3 and 8) 


EOE 


tpLH, | Maximum Propagation De:ay, Serial Shift/Parallel Load to Qy 
tPHL (Figures 4 and 8) 


tTLH. | Maximum Ovtput Transition Time, Any Output 
tTHL (Figures 1 and 8) 


NOTES: 


1. For propagation delays with loads other than 50 pF, see Chapter 4. 
2. Information on typical parametric values can be found in Chapter 4. 


Power Dissipation Capacitance (Per Package) 


Used to determine the no-load dynamic power consumption: 


Pp=Cpp Vcc +!cc Vcc 





Typical @ 25°C, Vcc =5.0 V 





For load considerations, see Chapter 4. 


PIN DESCRIPTIONS 


DATA INPUTS 


A, B, C, D, E, F, G, H (PINS 15, 1, 2, 3, 4, 5, 6, 7) — 
Parallel data inputs. Data on these inputs is stored in the input 
latch on the rising edge of the Latch Clock input. 

Sa (PIN 14) — Serial data input. Data on this input is shifted 
into the shift register on the rising edge of the Shift Clock 
input if Serial Shift/Parallel Load is high. Data on this input 
is ignored when Serial Shift/Parallel Load is low. 


CONTROL INPUTS 


SERIAL SHIFT/PARALLEL LOAD (PIN 13) — Shift 
register mode control. When a high level is applied to this pin, 
the shift register is allowed to serially shift data. When a low 
level is applied to this pin, the shift register accepts parallel 
data from the input latch, and serial shifting is inhibited. 


RESET (PIN 10) — Asynchronous, Active-low shift register 
reset. A low level applied to this input resets the shift register 
to a low level, but does not change the data in the input latch. 

SHIFT CLOCK (PIN 11) — Serial shift register clock. A 
low-to-high transition on this input shifts data on the Serial 
Data Input into the shift register and data in stage H is shifted 
out QH, being replaced by the data previously stored in stage 
G. 

LATCH CLOCK (PIN 12) — Latch clock. A low-to-high 
transition on this input loads the parallel data on inputs A-H 
into the input latch. 


OUTPUT 


Qy (PIN 9) — Serial data output. This pin is the output 
from the last stage of the shift register. 
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TIMING REQUIREMENTS (input t,=t¢=6 ns) 





Ear peng Limit 


Parameter 
< Es <= 125°C 


Minimum Setup Time, Parallel Data Inputs A-H to Latch Clock 2 150 


(Figure 5) 


Minimum Setup Time, Serial Data Input Sa to Shift Clock 
(Figure 6) 


Minimum Setup Time, Serial Shift/Parallel Load to Shift Clock 
(Figure 7) 


Minimum Hold Time, Latch Clock to Parallel Data Inputs A-H 
(Figure 5) 


Minimum Hold Time, Shift Clock to Serial Data Input Sa 
(Figure 6) 


Minimum Recovery Time, Reset Inactive to Shift Clock 
(Figure 3) 


Minimum Pulse Width, Latch Clock and Shift Clock 
(Figures 1 and 2 ) 


Minimum Pulse Width, Reset 
(Figure 3) 


Minimum Pulse. Width, Serial Shift/Parallel Load 
(Figure 4) 


Maximum Input Rise and Fall Times 
(Figure 1) 


NOTE: Information on typical parametric values can be found in Chapter 4. 


FUNCTION TABLE 


Inputs i 

Operation reset | Serial Shift/ | Latch j | fastens Latch ahem 
Paraliel Load | Clock P Contents g 

- | Contents 


Reset shift register 

Reset shift register; load parallel 
data into data latch 

Load parallel data into data latch 

Transfer latch contents to shift 





register 

Contents of data latch and shift 
register are unchanged 

Load parallel data into data latch 
and shift register 





Shift serial data into shift register SRa=D; 
SRn 7 SRN + 14 

Load parallel data into data latch SRA=D; 
and shift serial data into shift SRN SRN +1 
register 

LR = latch register contents U =remains unchanged 

SR = shift register contents X=don't care 

a-h = data at parallel data inputs A-H * = depends on latch clock input 


D =data (L, H) at serial data input Sa 
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SWITCHING WAVEFORMS 





VCC 







Latch Clock Shift Clock 


——GND 


Figure 2. (Serial Shift/Parallel Load = H) 











VCC 
Reset Serial Shift/ 
Parallel Load ___GND 
QH 
Shift Clock 
Figure 3. Figure 4. 
V = VCC 
Parallel Data ee Serial Data - 
-H 
. GND ApoE eA GND 
, Vec Vcc 
Latch Clock 50% Shift Clock 50% 
——- GND w—- GND 
Figure 5. Figure 6. 
Test Point 
V 0 
Serial Shift/ 50% ms Output 
Parallel 
arallel Load — GND 
tsu CLs 
Vcc 
Shift Clock 50% 
——~ GND — 
* Includes all probe and jig capacitance. 
Figure 7. 8. Test Circuit 
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EXPANDED LOGIC DIAGRAM 


Serial Data 14 
Input, SA 


Shift Clock 





10 
Reset 


Serial Shift/ 13 
Parallel Load 


Latch Clock V2 


Parallel 
Data Cc 
Inputs 





*NOTE: Stages C thru G (not shown in detail) are identical to stages A and B above. 
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TIMING DIAGRAM 


Shift Clock 
| ] | 
Serial Data | | 
ee Ae cc Be ce a lll te ee 
! | | 
Reset | | | | 
\ | | 
| | | 
Serial Shift/ “7 : ; = 
Parallel Load ; LI \ LU 1 Lf | 
itl oe | ] 11 
| | boul Prob: | 11 
Latch Clock | | | io | Pt of 1 
! I | 1 oud ! iol 1 4 i! 
1 ot | Pt V4 It 
A | 1H] Lott pl riot ipl lt 
| 
\ | ott ! on | It Vt 
tot | toot 11 I 
B '] eae toa pL 11 4 pil lI 
| 
ot 1 out l oe | 11 it 
ta] Pout | | It rt 
C I 1 IH oat yl | | ] pal }1 
| 
us toi ar 1 FF 
{ oa rou i 1 oi | is | 
| 
Parallel | > = ak. | I lt II 
Data 1 | 1 oul ! on | ie rt 
Inputs ie I ee | " 
‘ E | | iH | a pl Ito he It 
| | ! Vf 
1 | Pout boro I it 
tot | ry ot 
FO Pty E { fH it 
1 yl | I 1 Mt i 
: : : toy brood I! VI 
Vout I bat I 1 
G i] Pore itt pl bay bat i 
| 1 tout | bro i It 
H | 1H] | tot tH bot 1 lt H i 
| 11 tu | It ft 14 | 
| 1 | {oat { | { | {1 
Oy la c foie fi HLe fet Le se Lf tee L u| H i 
| 
[en dofee'Seria Shitt ao j<———— Serial Shitt--_»J!|_ Ja Serial Shift > | be-Serial Shift a> 
j 
Register | 
Load Latch Parallel Load Load Latch Parallel Load Parallel Load Latch 
Shift Register Shift Register and Shift Register 
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Advance Information 


J SUFFIX 
CERAMIC 
CASE 732-03 


20 | 
1 
N SUFFIX 
PLASTIC 
20 
1 


Octal 3-State Inverting 


Bus Transceiver 
High-Performance Silicon-Gate CMOS 


CASE 738-03 
The MC54/74HC640A is identical in pinout to the LS640. The device inputs 


are compatible with standard CMOS outputs; with pullup resistors, they are: 
compatible with LSTTL outputs. 

The HC640A is a 3-state transceiver that is used for 2-way asynchronous 
communication between data buses. The device has an active-low Output oN’ 
Enable pin, which is used to place the !/O ports into high-impedance states. 1 
The Direction control determines whether data flows from A to B or from B 


DW SUFFIX 
SOIC 
CASE 751D-03 





to A. ees ORDERING INFORMATION 
The HC640A performs functions similar to those of the HC245A and the 

HC643A. MC74HCXXXAN Plastic 

@ Output Drive Capability: 15 LSTTL Loads moe ieee cc 

@ Outputs Directly Interface to CMOS, NMOS, and TTL 

@ Operating Voltage Range: 2 to 6 V _ : P 

© Low Input Curent 1 ee 

@ High Noise Immunity Characteristic of CMOS Devices ; 

@ in Compliance with the Requirements Defined by JEDEC Standard No. 7A 

® Chip Complexity: 276 FETs or 69 Equivalent Gates 


PIN ASSIGNMENT 


OUTPUT 
ENABLE 


LOGIC DIAGRAM 















2 18 
Mo BI 
3 17 
A2— B2 
4 16 
A3 B3 
Al ng Me a4 [8 
DATA 6 14 DATA 
PoRT.| 9 ; ; BS | porT 
AG BG 
a78 12 37 
FUNCTION TABLE 
AB? BB 
DIRECTION — ° 


_ 
iso] 


Control Inputs 
Operation 
Output Direction 
Enable 


L L Data transmitted from 
Bus B to BusA 
(inverted) 

c H Data transmitted from 
Bus A to Bus B 
(inverted) 

H X Buses isolated (High- 
Impedance State) 


X=don't care 
This document contains information on a new product. Specifications and information herein are subject to change without notice. 


OUTPUT ENABLE 


PIN 10=GNO 
PIN 20-Vec 
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MAXIMUM RATINGS* 


| Symbol | Parameter =| Value | Unit 
[tin [OC input Current, perPinTQ | mA 
i mw 









This device contains protection 
circuitry to guard against damage 
due to high static voltages or elec- 
tric fields. However, precautions 
must be taken to avoid applica- 
tions of any voltages higher than 
the maximum rated voltages to 
this high-impedance circuit. For 
proper operation, Vin and Vout 
should be constrained to the 
range GND < (Vin Or Vout) S Vcc: 

Unused inputs must always be 
tied to an appropriate logic level 
(e.g., either GND or Vcc). 






i/o |OC 1/0 Current, per Pin 
DC Supply Current, Vcc and GND Pins 


Power Dissipation in Still Air, Plastic or Ceramic DIPT 750 
SOIC Packaget 500 


Storage Temperature —65 to +150 °C 
Unused outputs must be left 


Lead Temperature, 1 mm from Case for 10 Seconds 
open. !/O pins must be con- 


(Plastic DIP or SOIC Package) 
(Ceramic DIP) 
*Maximum Ratings are those values beyond which damage to the device may occur. nected to a properly terminated 
Functional operation should be restricted to the Recommended Operating Conditions. line or bus. 
tDerating — Plastic DIP: — 10 mW/°C from 65° to 125°C 
Ceramic DIP: — 10 mW/°C from 100° to 125°C 
SOIC Package: — 7 mW/°C from 65° to 125°C 












RECOMMENDED OPERATING CONDITIONS 


symboi[_———Pavameter_——SSd'CMin‘| Max [Unit | 
[Vcc [Be Supply Vokage (Referenced io GNDI——=«dt~20 | 60 |v 
[Vin.Vout| DC input Voltage, Output Votage (Referenced to GND) | 0 | voc |v 
Ta [Operating Temperature, All Package Types | -se | +5] c_ 


tr, te | Input Rise and Fall Time 
(Figure 1) 
































































Maximum Low-Level Output 
Voltage 






Voltage lout! =20 pA 
Maximum Low-Level Input Vout =9.1 V or Voc -0.1 V | 2.0 
Voltage lout] $20 pA 
Minimum High-Level Output Vin = ViIH or VIL 2.0 1.9 : a V 
Voltage Hout] $20 vA 4.5 4.4 
Vin = VIH oF VIL 
Maximum Three-State Leakage | Output in High-lmpedance State +0.5 +5.0 + 10.0 pA 
Current Vin = Vit or Vin 
Vout = Vcc or GND 


DC ELECTRICAL CHARACTERISTICS (Voltages Referenced to GND) 
‘ 
Symbol Parameter Test Conditions CC ° 
vi | 28°C to |< g50q | <125°C 
-—55°C 
VIH 2.0 1.5 
6.0 5.9 59 |. 5.9 
Vin = Vin or VIL lout] <6.0 mA 3.98 3.84 3.70 
lout! <7.8 mA 5.48 5.34 5.20 
Vin = Vin or VIL 2.0 0.1 V 
4.5 0.1 
6.0 0.1 
Icc Maximum Quiescent Supply Vin=Vcc or GND 4 pA 
Current (per Package) lout =0 pA 
NOTE: Information on typical parametric values and high frequency or heavy load considerations can be found in Chapter 4, of the Motorola 


Minimum High-Level Input Vout =9.1 V or Voc —-0.1 V : V 
4.5 
6.0 
VOL 
Hout] $20 uA 
0.26 0.40 
High-Speed CMOS Logic Data Book — DL129/R3. 
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DC ELECTRICAL CHARACTERISTICS (Continued) 


a 
Vcc = 0 V, GND = Open 


Vic+ | Vcc Input Diode 
Forward Voltage lin (each pin) = 100 pA 
Vic— | GND Input Diode GND = OV, Vcc = Open -0.3 
Forward Voltage lin (each pin) = —100 pA 


AC ELECTRICAL CHARACTERISTICS (C, = 50 pF, Input t; = t¢ = 6 ns) 


y Guaranteed Limit 
Symbol Parameter cc 
| | Vv <85°C | <125°C 
tpLH, | Maximum Propagation Delay, A to B, B to A 2.0 75 95 
tPHL (Figures 1 and 3) ; 15 22 
13 19 


tpLz, | Maximum Propagation Delay, Direction or Output Enable to A or B / 110 140 
tPHZ (Figures 2 and 4) 22 28 33 








Test Conditions 







19 24 28 


tpz_, | Maximum Propagation Delay, Direction or Output Enable to A or B ; 110 140 165 
tPZH (Figures 2 and 4) 22 28 33 
19 24 25 


tTLH, | Maximum Output Transition Time, Any Output Oo | 60 75 90 
tTHL (Figures 1 and 3) 12 15 18 


10 13 15 


Cout | Maximum Three-State I/O Capacitance (Output in High-lmpedance 
State) 


Power Dissipation Capacitance (Per Transceiver Channel) 
Used to determine the no-load dynamic power consumption: 


Pp = Cpp Vcc4f + icc Vcc 





NOTE: For propagation delays with loads other than 50 pF and information on typical parametric values and load considerations, see Chapter 4, of 
the Motorola High-Speed CMOS Logic Data Book — DL129/R3. . 





SWITCHING WAVEFORMS 






Vec 
DIRECTION 

GND 

Ns OUTPUT Vec 

ENABLE ae 

OUTPUT HIGH 
BORA AORB IMPEDANCE 

10% — vp, 

90% —— OH 

A ORB HIGH 
IMPEDANCE 


Figure 1 Figure 2 
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* Includes all probe and jig capacitance 


Figure 3. 


DATA 
PORT 


DIRECTION 


i 5 
i9 : 
OUTPUT ENABLE 





TEST POINT 
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TEST CIRCUITS 


TEST POINT 


OUTPUT 





DEVICE 
UNDER 
TEST 






Figure 4. 


EXPANDED LOGIC DIAGRAM 
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CONNECT TO Vcc WHEN 
TESTING tp_z AND tpz, 
CONNECT TO GND WHEN 
TESTING tpyz AND tp7y 


*Iincludes all probe and jig capacitance 


DATA 
PORT 
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Octal 3-State Inverting Bus 
Transceiver with LSTTL- 


Compatible Inputs 
High-Performance Silicon-Gate CMOS 


The MC54/74HCT640 may be used as a level converter for interfacing TTL or 
NMOS outputs to High-Speed CMOS inputs. 

The HCT640 is identical in pinout to the LS640. 

The HCT640 is a 3-state inverting transceiver that is used for 2-way asynchronous 
communication between data buses. The device has an active-low Output Enable 
pin, which is used to place the I/O ports into high-impedance states. The Direction 
control determines whether data flows from A to B or from B to A. 

The HCT640 performs functions similar to those of the HCT245 and the HCT643. 
Output Drive Capability: 15 LSTTL Loads 
TTL/NMOS-Compatible Input Levels 
Outputs Directly Interface to CMOS, NMOS, and TTL 
Operating Voltage Range: 4.5 to 5.5 V 
Low Input Current: 1 nA 
In Compliance with the Requirements Defined by JEDEC Standard No. 7A 
Chip Complexity: 358 FETs or 89.5 Equivalent Gates 


LOGIC DIAGRAM 


ai 18 By 
a2 V7 82 
a3 16 53 
AT yy 15 a, |B 
DATA 6 14 B DATA 
PORT | A5 ; a 5 | port 
AG BG 
a7 12 B7 
Ag— «<p>! 59 
) 
DIRECTION — 


— 


OUTPUT ENABLE : 


PIN 10=GND 
PIN 20=Vcc 
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sa 
mm. 
=e 


ORDERING INFORMATION 


J SUFFIX 
CERAMIC 
CASE 732-03 





N SUFFIX 
PLASTIC 
CASE 738-03 


DW SUFFIX 
SOIC 
CASE 751D-03 


MC74HCTXXXN 
MC54HCTXXXJ 
MC74HCTXXXDW 


Plastic 
Ceramic 
SOIC 


Ta = —55° to 125°C for all packages. 
Dimensions in Chapter 6. 





PIN ASSIGNMENT 


DIRECTION] 1 @ 





ae TABLE 


Control | Control Inputs 
Output 
Enable Operation 


Data transmitted from Bus 
B to Bus A (inverted) 
L H Data transmitted from Bus 
A to Bus B (inverted) 
H Xx Buses Isolated (High- 
Impedance State) 


X=don’t care 
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MAXIMUM RATINGS* 


[Unit _| 
| Veco DC Supply Voltage (Referenced to GND) —0.5 to +7.0 
DC Input Voltage (Referenced to GND), Pin 1 or 19 | —1.5 to Vcct1.5 










This device contains protection 
circuitry to guard against damage 
due to high static voltages or electric 
fields. However, precautions must 
be taken to avoid applications of any 
voltages higher than the maximum 
rated voltages to this high- 
impedance circuit. For proper 
operation, Vin and Voyt should be 
constrained to the range GND <(Vjn, 
or Vout) =Vcc: 

Unused inputs must always be tied 
to an appropriate logic level (e.g., 
either GND or Vcc). Unused outputs 
(Plastic DIP or SOIC Package) must be left open. I/O pins must be 
(Ceramic DIP) connected to a properly terminated 
* Maximum Ratings are those values beyond which damage to the device may occur. line or bus. 

Functional operation should be restricted to the Recommended Operating Conditions. 
tDerating — Plastic DIP: —10 mW/°C from 65° to 125°C 
Ceramic DIP: —10 mW/°C from 100° to 125°C 
SOIC Package: —7 mW/°C from 65° to 125°C 
For high frequency or heavy load considerations, see Chapter 4. 


Vi/o | OC I/O Voltage (Referenced to GND) -0.5 to Vcc + 0.5 V 
DC Input Current, per Pin 








Cees 


20 
35 
75 
ed Power Dissipation in Still Air, Plastic or Ceramic DIPt 
SOIC Packaget 500 


-65 to + 150 a 






Lead Temperature, 1 mm from Case for 10 Seconds 





RECOMMENDED OPERATING CONDITIONS 


[symbot[ —Pavameter——SSS*d Min | Mae | Unt 
Veo [Be Supp Votage (eternced we GND) a 
Tes ras [oo 
To [00 | ne 











Operating Temperature, All Package Types 
Input Rise and Fail Time (Figure 1) 


Vcc 
Symbol Parameter 25°C to 
VIH Minimum High-Level Input Vout =9.1 V or Voc —9.1 V 2.0 2.0 2.0 Vv 
Voltage lout] $20 pA 2.0 2.0 2.0 
VIL Maximum Low-Level Input Vout=9.1 V or Vcc —-90.1 V 0.8 0.8 0.8 Vv 
Voltage lIout| $20 pA 0.8 0.8 0.8 | 
4.4 
5.4 


VoH_ | Minimum High-Level Output Vin = ViH oF VIL 
Voltage lout] $20 pA 


ay 
Vin= Vin oF VIL 
lout =6.0 mA ; 3.70 
VoL | Maximum Low-Level Output Vin = ViH or VIL V 
Voltage Hout| $20 pA 
Vin=VIH oF VIL 
| lin | Maximum input Leakage Current | Vin= Vcc or GND, Pin 1 or 19 (65 | +01 | +10 | +10 | A | 
Maximum Three-State Leakage | Output in High-Impedance State +0.5 +5.0 + 10.0 pA 
Current Vin=ViL or VIP 
| Vout= Vcc or GND, I/O Pins 
Icc | Maximum Quiescent Supply Vin=Vecc or GND | pA 
Current (per Package) lout =9 #A | 


Additional Quiescent Supply Vin=2.4 V, Any One Input 

























Current Vin=Vcc or GND, Other Inputs 
lout =0 nA 





NOTES: 
1.. Information on typical parametric values can be found in Chapter 4. 
2. Total Supply Current=!Icc + LAlcc. 
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AC ELECTRICAL CHARACTERISTICS (Vcc =5.0 V +10%, Ci =50 pF, Input t,=ts=6 ee 


| Guaranteed Limit ——_—| Limit 
Symbol Parameter 25°C to ence ‘oEaG 
= <= 
-— 55°C 
tpLH, | Maximum Propagation Delay, A to B or B to A 
tPHL (Figures 1 and 3) 
tp_z, | Maximum Propagation Delay, Direction or Output Enable to A or B 
tPHZ (Figures 2 and 4) 
tpz_, | Maximum Propagation Delay, Direction or Output Enable to A or B 46 
tPZH (Figures 2 and 4) 
tTLH, | Maximum Output Transition Time, Any Output 
“Tht iia 1 and 3) 
Maximum [Maximum Input Capacitance, Pintor19 ss si(‘i‘i;sés*=*r Capacitance, Pin 1 or 19 


Maximum Three-State 1/O Capacitance (Output in High-Ilmpedance State) Be 


NOTES: 
1. For propagation delays with loads other than 50 pF, see Chapter 4. 
2. Information on typical parametric values can be found in Chapter 4. 
















Power Dissipation Capacitance (Per Transceiver Channel) Typical @ 25°C, Vcc =5.0 V 


Used to determine the no-load dynamic power consumption: 


Pp=Cpp Vec2f+ lcc Vcc . 45 
For load considerations, see Chapter 4. 


































SWITCHING WAVEFORMS 
3V 
DIRECTION 1.3 V 1.3 V 
3V GND 
INPUT 
A ORB 3V 
GND OUTPUT 
ENABLE —— GND 
- QUTPUT HEH 
i IMPEDANCE 
A ORB 
10% — VoL 
Figure 1. 90% —— You 
A ORB 
HIGH 
IMPEDANCE 
Figure 2. | 
TEST CIRCUITS 
TEST POINT TEST POINT 
. Y CONNECT TO Vcc WHEN 
OUTPUT OUTPUT TESTING tpyz and tpz, 
DEVICE DEVICE CONNECT TO GND WHEN 
UNDER TEST C,* UNDER TEST TESTING tpyz AND tpzy. 
*Includes all probe and jig capacitance. * Includes all probe and jig capacitance. 
Figure 3. . Figure 4. 
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EXPANDED LOGIC DIAGRAM 


Al 
1 
: B1 
A2 
17 
B2 
A3 
16 
B3 
A4 
A 15 B 
DATA B4 DATA 
PORT PORT 
A5 
14 
B5 
A6 
13 
BE 
A7 
1 
d B7 
A8 
iB 
B8 
1 
DIRECTION 


19 
OUTPUT ENABLE 
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TECHNICAL DATA 


Octal 3-State Bus Transceivers 


and D Flip-Flops 
High-Performance Silicon-Gate CMOS 


The MC54/74HC646 and the MC54/74HC648 are identical in pinout to the LS646 
and the LS648. The device inputs are compatible with standard CMOS outputs; 
with pullup resistors, they are compatible with LSTTL outputs. 

These devices are bus transceivers with D flip-flops. Depending on the status of 
the Data-Source Selection pins, data may be routed to the outputs either from the 
flip-flops or transmitted real-time from the inputs (see Function Table and Applica- 
tion Information). 

The Output Enable and the Direction pins control the transceiver’s function. 

Bus A and Bus B cannot be routed as outputs to each other simultaneously, but 
can be routed as inputs to the A and B flip-flops simultaneously. Also, the A and B 
flip-flops can be routed as outputs to Bus A and Bus B simultaneously. Additionally, 
when either or both of the ports are in the high-impedance state, these !/O pins 
may be used as inputs to the D flip-flops for data storage. 

The user should note that because the clocks are not gated with the Direction 
and Output Enable pins, data at the A and B ports may be clocked into the storage 
flip-flops at any time. 

Output Drive Capability: 15 LSTTL Loads 

Outputs Directly Interface to CMOS, NMOS, and TTL 

Operating Voltage Range: 2 to 6 V 

Low Input Current: 1 pA 

High Noise Immunity Characteristic of CMOS Devices 

In Compliance with the Requirements Defined by JEDEC Standard No. 7A 
Chip Complexity: 780 FETs or 195 Equivalent Gates 


LOGIC DIAGRAM 


ae, : BO 
Al ° z 
: A2 : 82 B 
17 
DATA ie 8 18 py f oATA 
PORT g ae: . Ae 
i | > B5 
AG : B6 
Ay Aa B7 
() 
21 
OUTPUT ENABLE 
DIRECTION : 
FLIP-FLOP { A-T0-B CLOCK L 
CLOCKS | 8-T0-A CLOCK cE 
DATA-SOURCE ¢ 4.10.8 SOURCE 2 
sucronf 22 
INPUTS | B-TO-A SOURCE PIN 24=Vec 
PIN 12 = GND 








a2 SEMICONDUCTOR xR 


IMC54/74HC646 
IMC54/74HC648 


J SUFFIX 
CERAMIC 
CASE 758-01 


N SUFFIX 
PLASTIC 
CASE 724-03 


ORDERING INFORMATION 


MC74HCXXXN Plastic 
MC54HCXXXJ Ceramic 


Ta = —55° to 125°C for all packages. 
Dimensions in Chapter 6. 


PIN ASSIGNMENT 


21 Lf OUTPUT ENABLE 


HC646 - Noninverting Outputs 
HC648 - Inverting Outputs 
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MAXIMUM RATINGS* 


| Parameter | Value | Unit 

[tin [DC input Curent, perPin 
mA 

| mW | 

C 

c 














This device contains protection 
circuitry to guard against damage 
due to high static voltages or electric 
fields. However, precautions must 
be taken to avoid applications of any 
voltages higher than the maximum 
rated voltages to this high- 
impedance circuit. For proper 
operation, Vin and Voyt should be 
constrained to the range GND <(Vjn 
or Vout) = Vcc. 

Unused inputs must always be tied 
tc an appropriate logic level {e.g., 
either GND or Vcc). Unused outputs 
must be left open. I/O pins must be 
connected to a properly terminated 
line or bus. 


[tec [OC Supply Curent, Vegand GND Phe =| am 
[Po [Powe isiatin i StH A, Paste or Coane DPT] 760 


stg 
Lead Temperature, 1 mm from Case for 10 Seconds 


(Plastic DIP) 
(Ceramic DIP) 
* Maximum Ratings are those values beyond which damage to the device may occur. 
Functional operation should be restricted to the Recommended Operating Conditions. 
tDerating — Plastic DIP: — 10 mW/°C from 65° to 125°C 
Ceramic DIP: —10 mW/°C from 100° to 125°C 
For high frequency or heavy load considerations, see Chapter 4. 


mW 


° 











RECOMMENDED OPERATING CONDITIONS 


Parameter | Min | Max | Unit _| 
DC Supply Voltage (Referenced to GND) 2.0) 60]. 


DC Input Voltage, Output Voltage (Referenced to GND) | 0 | Veo] ve 
Operating Temperature, All Package Types | 55 | +125 | °C | 


tr, t¢ | Input Rise and Fall Time 
Voc 
V 


(Figure 1) 













°o 
et 








Test Conditions 














Minimum High-Level Input 
Voltage 


Vout=0.1 V or Vec—90.1 V 
out] =20 pA 





Maximum Low-Level Input Vout=9.1 V or Voc -0.1 V 
Voltage llout| $20 pA 




















2.0 1.9 1.9 1.9 V 
4.5 


Minimum High-Level Output 
Voltage 


Vin=VIH or VIL 
lout| $20 pA 


6.0 5.9 5.9 5.9 
Vin= VIH oF VIL Hout| <6.0 mA 3.98 3.84 3.70 
Vin = VIH or VIL 2.0 V 
lout| $20 pA 4.5 
6.0 
Vin=ViH or VIL lout] $6.0 mA 0.26 0.40 
Maximum Input Leakage Current | Vin =Vcc or GND 6.0 | +0.1 + 1.0 +1.0 pA 
| (Pins 1, 2, 3, 21, 22, and 23) | 
loz Maximum Three-State Leakage {| Output in High-lmpedance State +0.5 +5.0 + 10.0 pA 
Current Vin= Vit or VIH 
| Vout = Vcc or GND, I/O Pins 
lcc Maximum Quiescent Supply Vin=Vcc or GND pA 
Current (per Package) lout =0 pA 


NOTE: Information on typical parametric values can be found in Chapter 4. 



















Maximum Low-Level Output 
Voltage 
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AC ELECTRICAL CHARACTERISTICS (Cy =50 pF, Input t;=t¢=6 ns) 


? | ss Guaranteed Limit ——_—| Limit 
Symbol Parameter 25°C to 
. 55°C <85°C | <125°C 
Maximum Clock Frequency (50% Duty Cycle) 
(Figures 3, 4 and 9) a es 
6.0 - 28 
tpLH, | Maximum Propagation Delay, Input A to Output B (or Input B to 
tpHL | Output A) 
(Figures 1, 2 and 9) 
tPLH: 
tPHL 
tPLH- 
tPHL 





> 
oO 

















Maximum Propagation Delay, A-to-B Clock to Output B (or B-to-A Clock 
to Output A) 
(Figures 3, 4 and 9) 


Maximum Propagation Delay, A-to-B Source to Output B (or B- oe Source 
to Output A) 
(Figures 5, 6 and 9) 


& — NO NO 

oOo oe So 

Beige 

eeglsag 
EStecter) 











BBs 2 






tpLz, | Maximum Propagation Delay, Direction or Output Enable to Output AorB| 2.0 175 220 
tpHz (Figures 7, 8 and 10) 4.5 35 44 
6.0 30 37 45 
tpz_, | Maximum Propagation Delay, Direction or Output Enable to Output Aor B | 2.0 175 220 
tPZH (Figures 7, 8 and 10) 4.5 35 44 
6.0 30 37 





trTLH, | Maximum Output Transition Time, Any Output 2.0 
tTHL (Figures 1 and 9) 4.5 
6.0 


| Cin | Maximum Input Capacitance 


ae Maximum Three-State Output Capacitance (Output in High-lmpedance aa 
State) 


NOTES: 
1. For propagation delays with loads other than 50 pF, see Chapter 4. 
2. Information on typical parametric values can be found in Chapter 4. 


Power Dissipation Capacitance (Per Channel) Typical @ 25°C, Voc =5.0 V 


Used to determine the no-load dynamic power consumption: 


Pp=Cpp Vec*F+icc Vcc 
For load considerations, see Chapter 4. 






— o3 
® ol 





TIMING REQUIREMENTS (input t, = tp=6 ns) 


| Guaranteed Limit | Limit 


V Pe 
Parameter 25°C 


Minimum Setup Time, Input A to A-to-B Clock (or input B to B-to-A Clock) 
(Figures 3 and 4) : oe 
17 
Minimum Hold Time, A-to-B Clock to Input A (or B-to-A Clock to Input B) 
(Figures 3 and 4) 


Minimum Pulse Width, A-to-B Clock (or B-to-A Clock) 
(Figures 3 and 4) 


Maximum Input Rise and Fall Times 
(Figure 1) 





NOTE: Information on typical parametric values can be found in Chapter 4. 
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FUNCTION TABLE - HC646 
(The Function Table for the HC648 is the same as this, but with the outputs inverted) 


Data Port Storage Flip- 
Control Inputs Status Flop States 


Description of Operation 











Output} Direc- | A-to-B | B-to-A | A-to-B | B-to-A 
Enable |_ tion ot cal “ Source 

xX Pee — The output functions of the A and B ports 

H,L, esl H, tell pe no ae no ree are disabled. 

flip-flops. Data at the inputs are clocked into 

the flip-flops with the rising edge of the 

— Saou The output mode of the B data port is enabled 

and behaves according to the following logic 


The ports may be used as inputs to the storage 
: : 
Xx L 
X H Clocks. 

equation: 


B=[Ae(A-to-B Source)] 
+ [Qae(A-to-B Source)] 


H,L,\| X* L X 


ir 







storage flip-flops by a rising-edge signal 
on the A-to-B Clock. 


4.) When A-to-B Source is high, the data at | 








the A data port are clocked into the A 
storage flip-flops by a rising-edge signal 
on the A-to-B Clock. The states, Qa, of 
the storage flip-flops propagate directly to 
the B data port. 


The output mode of the A data port is enabled 
and behaves according to the following logic 
equation: 



















A=([Be(B-to-A Source)] 
+[Qp¢e(B-to-A Source)] 










1.) When B-to-A Source is low, the data at 
the B data port are displayed at the A data 
port. The states of the storage flip-flops 






















storage flip-flops by a rising-edge signal 
on the B-to-A Clock. 


4.) When B-to-A Source is high, the data at 









no change 
no change 





the B data port are clocked into the B 
storage flip-flops by a rising-edge signal 
on the B-to-A Clock. The states, Qp, of 
the storage flip-flops propagate directly to 
the A data port. 









no change | no change the A data port are displayed at the B data 
port. The states of the storage flip-flops 
no change | no change 

of the A storage flip-flops are displayed at 

the B data port. 

L 

are not affected. 
ud 2.) When B-to-A Source is high, the states 
no change L 3.) When B-to-A Source is low, the data at 
no change H the B data port are clocked into the B 
*The clocks are not internally gated with either the Output Enables or the Source inputs. Therefore, data at the A and B ports may be clocked into 


are not affected. 
no change | 3.) When A-to-B Source is low, the data at 
H 
L 
H 
of the B storage flip-flops are displayed at 
the storage flip-flops at any time. 


no change | no change | 1.) When A-to-B Source is low, the data at 
2.) When A-to-B Source is high, the states 
no change the A data port are clocked into the A 
L L Output:| Input: 

X* |H,L,NL} xX L no change | no change 

no change | no change 

no change | no change 

the A data port. 
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TYPICAL APPLICATIONS 















A 
FLIP-FLOPS 


B 
FLIP-FLOPS 






CONTROL CONTROL 


LOGIC 


(3) (21) (1) (23) (2) - (22) (3) (21) (1) (23) (2) (22) 
CONTROL - CONTROL 
PINS DIRECTION OUTPUT A-T0-B B-TO-A —s-_ A-T0-B B-T0-A PINS DIRECTION OUTPUT A-T0-B B-TO-A A-T0-B B-T0-A 
ENABLE CLOCK - CLOCK SOURCE SOURCE . ENABLE CLOCK CLOCK SOURCE SOURCE 
X H a af x X H L X X L X 
Data Storage From A and/or B Bus Real-Time Transfer From Bus A to Bus B 





CONTROL 
LOGIC 


\neoemantygiememeens! 
(3) (21) (1) (23) (2) (22) 


CONTROL 
PINS DIRECTION OUTPUT A-TO-B B-TO-A A-T0-B B-TO-A 
ENABLE CLOCK CLOCK SOURCE SOURCE 


L L X X X L 


Real-Time Transfer From Bus B to Bus A 
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TIMING DIAGRAMS AND SWITCHING DIAGRAMS — HC646 
(The Diagrams For The HC648 Are The Same As Below, But With The Outputs Inverted) 













OUTPUT ENABLE _ 
GND 

Vcc 

DIRECTION 

— GND 

—— Voc 

A-T0-B SOURCE GND 
Voc 

eran sone CX IOI a 

ty tf 
GND 


B DATA PORT 


Figure 1. A Data Port=!Input, B Data Port = Output 


— Vcc 

OUTPUT ENABLE 
GND 
NCC 

DIRECTION 
GND 
—Vec 

B-TO-A SOURCE 
GND 


A-T0-B SOURCE 


B DATA PORT 





A DATA PORT 50% 


Figure 2. A Data Port = Output, B Data Port= Input 


NOTE: KXXXA = Don’t Care State 
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— Vee 
OUTPUT ENABLE 

GND 
Vcc 

"DIRECTION : | | 
| | — GND 

| V 
eroa sone XX KX KKKXXXXXKAXAMAMAKAAXAKAXARADA 
i SOURCE | | : 
| — GND 
—— Vcc 
eran 0K XX OKO KKIO IOI AOI OOD a 


, | — Vcc 
A DATA PORT 50% 
GND 
tsy 
th 


—— Vcc 
A-T0-B CLOCK 50% 


tPLH tPHL 
B DATA PORT | 50% 


Figure 3. A Data Port=Input, B Data Port = Output 


OUTPUT ENABLE 
DIRECTION a 


COCCOMCMOOMOROMOM OOM AO AUAUNN 


A-T0-B SOURCE 








B-TO-A SOURCE 


XXX KKK XXX KKK KEKE KK KKK KKK, 


A-T0-B CLOCK 





~— Vcc 
B DATA PORT 50% 
GND 
‘su 
: ==VEC 
B-TO-A CLOCK 50% 
tw GND 
1if 
tPLH eal tPHL 
A DATA PORT | 50% 


Figure 4. B Data Port=Input, A Data Port = Output 
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= NCE 

OUTPUT ENABLE 
GND 
Vee 

DIRECTION 
—G6ND 
INTERNAL Op < 
(FLIP-FLOP A) —G6ND 
| — Ver 
turtar 8s SXXAXXAAXXMAKAXAAAXAAARAAAXRAAKAXAANA ou 

—V 

aoa — i. 
‘“ ao VEC 
since SXRD 
A DATA PORT a 


GND 


B DATA PORT 





NOTES: 
1. B Data Port (output) changes from the level of the storage flip-flop, Qa, to the level of A Data Port (input). 
2. B Data Port (output) changes from the level of A Data Port (input) to the level of the storage flip-flop, Qa. 
3. The A storage flip-flop, A-to-B Source, and A Data Port (input) have simultaneously changed states. 


Figure 5. A Data Port =Input, B Data Port = Output 
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ss XKX XXX KKK KK AEA R EXEL ARKELEKELEMA 


BTO-A 
SOURCE bes | 
tPLH tPHL tPLH 
A DATA PORT 50% 
B DATA PORT 
NOTES: 





| — Vec 
OUTPUT ENABLE 

GND 

—Vec 

DIRECTION. | 
GND 
— | | a nal 

mnrntr A XXX XXXXXAKAAAKAAAKAAAAKAKMAAKXKXAMA 

INTERNAL Op coe 

(FLIP-FLOP B) — GND 


'GND 


— Voc 


GND 
tPHL 


poss | Hh 


GND 


1. A Data Port (output) changes from the level of the storage flip-flop, Qp, to the level of B Data Port (input). 

2. A Data Port (output) changes from the level of B Data Port (input) to the level of storage flip-flop, Qg. 

3. The B storage flip-flop, B-to-A Source, and B Data Port (input) have simultaneously changed states for the purpose of this example. A Data 
Port (output) is now displaying the voltage level of B Data Port (input). 


Figure 6. A Data Port= Output, B Data Port=Input 


PIN DESCRIPTIONS 


INPUTS/OUTPUTS 

A0-A7 (PINS 4-11) and BO-B7 (PINS 20-13) — A and B 
data ports. These pins may function either as inputs to or 
outputs from the transceivers. 


CONTROL INPUTS 


OUTPUT ENABLE (PIN 21) — Active-low output enable. 
When this pin is low, the outputs are enabled and function 
normally. When this pin is high, the A and B data ports are 
in high-impedance states. See the Function Table. 

DIRECTION (PIN 3) — Data direction control. When the 
Output Enable pin is low, this control pin determines the 
direction of data flow. When Direction is high, the A data 


ports are inputs and the B data ports are outputs. When Di- 
rection is low, the A data ports are outputs and the B data 
ports are inputs. 

A-TO-B CLOCK, B-TO-A CLOCK (PINS 1, 23) — Clocks 
for the internal D flip-flops. With a low-to-high transition on 


‘the appropriate Clock pin, data on the A (or B) inputs are 


clocked into the internal A (or B) flip-flops. These clocks are 
not internally gated with the Output Enable or the Direction 


‘pins, therefore data at the A and B pins may be clocked into 


the storage flip-flops at any time. 

A-TO-B SOURCE, B-TO-A SOURCE (PINS 2, 22) — Data- 
source selection pins. Depending upon the states of these pins 
(see the Function Table), data at the outputs may come either 
from the inputs or from the D flip-flops. 
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Vec 
OUTPUT ENABLE 
GND 
Vcc 
DIRECTION 50% 
GND 
tPHZ 
VOH 
DATA PORT A a 50% 
HIGH IMPEDANCE 
tPZL 
. HIGH IMPEDANCE 
A PORT | 50% 
DATA PORT A ce 
VoL 
tPZH tPHZ 
VOH 
DATA PORT B 50% ae 
HIGH IMPEDANCE 
tPZL 
HIGH IMPEDANCE 
DATA PORT B 50% 10% 
) VoL 
\.eaecommmenmemnmysmmmaememcsenine! — enema emer 
DATA PORT A=INPUT DATA PORT A= OUTPUT 
DATA PORT B=OQUTPUT DATA PORT B=INPUT 
Figure 7 
Vcc 
OUTPUT ENABLE 
GND 
tpzL «tL HIGH 
IMPEDANCE 
OUTPUT A OR B 
VoL 
VOH 
OUTPUT A OR B ie 
IMPEDANCE 
Figure 8 
TEST POINT TEST POINT 








OUTPUT 





DEVICE 
UNDER 
TEST 







*Includes all probe and jig capacitance. 


Figure 9. Test Circuit 


CONNECT TO Vcc WHEN 
TESTING tp_z AND tpz,. 
CONNECT TO GND WHEN 
TESTING tpyz AND tpzy. 






DEVICE 
UNDER 
TEST 








*Includes all probe and jig capacitance. 


Figure 10. Test Circuit 
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LOGIC DETAIL 
HC646 and HC648 





7 $84 eC +} ——2. B.TO-A SOURCE 
TBA | 
«+ A-T0-B SOURCE 
TBA 
5 


_ CBA eee B-TO-A CLOCK 
TAB 

CAB 
TAB | : 

CAB A-T0-B CLOCK 


a 
MOTOROLA HIGH-SPEED CMOS LOGIC DATA 
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ive) 


A 
DIRECTION : 
OUTPUT ENABLE 


ir) 
> 
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TECHNICAL DATA 


8-Bit Equality Comparator 
High-Performance Silicon-Gate CMOS 


The MC54/74HC688 is identical in pinout to the LS688. The device inputs are 
compatible with standard CMOS outputs; with pullup resistors, they are compatible 
with LSTTL outputs. 

The HC688 compares two 8-bit binary or BCD words and indicates whether or not 
they are equal. By using the Cascade Input, two or more of the devices may be 
cascaded to compare words of more than 8 bits. 


Output Drive Capability: 10 LSTTL Loads 

Outputs Directly Interface to CMOS, NMOS, and TTL 

Operating Voltage Range: 2 to 6 V 

Low Input Current: 1 pA 

High Noise Immunity Characteristic of CMOS Devices . 

In Compliance with the Requirements Defined by JEDEC Standard No. 7A 
Chip Complexity: 116 FETs or 29 Equivalent Gates 


LOGIC DIAGRAM 


Data 
Word 


Inputs 


A=B 
Output 


Data 
Word 


Inputs 





Pin 20=Vcc” 
Pin 10=GND 








NMiC54/74HC688 


N SUFFIX 
PLASTIC 
CASE 738-03 


DW SUFFIX 
SOIC 
CASE 751D-03 


ORDERING INFORMATION 


MC74HCXXXN Plastic 
MC54HCXXXJ Ceramic 
MC74HCXXXDW_ SOIC 


Ta = —55° to 125°C for all packages. 


Dimensions in Chapter 6. 


PIN ASSIGNMENT 


Cascade 
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MAXIMUM RATINGS* 


symbol] Parameter —SSS~*~dCS*~CS «dt 
vc¢_|B¢ Supply Votage (Referenced to GND) +05 +70 | Vv 
Vin | BC input Vottage (Referenced to GND) =i; = to Veg+1 |v 
Vout [BC Output Voltage (Referenced to GND) | ~0.5tovec+o5 | V 
[in [OC put Curent perPin—aO|mA 
tout [BC Output Curent, porn SSC*dCS Ym 
[icc [BC Supply Curent, Vog and GND Ping Oma 


Power Dissipation in Still Air, Plastic or Ceramic DIPT i mW 
SOIC Packaget 


Storage Temperature —65 to +150 a 


Lead Temperature, 1 mm from Case for 10 Seconds 
260 
300 


(Plastic DIP or SOIC Package) 
(Ceramic DIP) 
*Maximum Ratings are those values beyond which damage to the device may occur. 
Functional operation should be restricted to the Recommended Operating Conditions. 
tDerating — Plastic DIP: — 10 mW/°C from 65° to 125°C 
Ceramic DIP: —10 mW/°C from 100° to 125°C 
SOIC Package: —7 mW/°C from 65° to 125°C 
For high frequency or heavy load considerations, see Chapter 4. 











RECOMMENDED OPERATING CONDITIONS 







DC Supply Voltage (Referenced to GND) | 20 | 6o | vi 
DC Input Voltage, Output Voltage (Referenced to GND) | 0 | Veco {| vO 
Operating Temperature, All Package Types | -55 | +125] °c | 


tr, tf Input Rise and Fall Time 
(Figure 2) 












DC ELECTRICAL CHARACTERISTICS (Voltages Referenced to GND) 


Minimum High-Level Input 
Voltage 


Test Conditions 


Vout =0.1 Vor Vcc —0.1 V 
Hout] $20 »A 


Maximum Low-Level Input 
Voltage 


Vout =0.1 V or Voc -0.1 V 
lout! =20 pA - 


6.0 


2.0 
- ; 


Minimum High-Level Output 
Voltage 


Vin=VIH OF VIL 
Hout] $20 wA 


lout! <=4.0 mA 


Vin=VIH oF VIL 


Maximum Low-Level Output 
Voltage 


Vin = VIH OF VIL 
lout] 20 nA 


lout! 5-2 MA 


i ‘tint ss Maximum Input Leakage Current | Vi, = Vcc or GND | 6.0 | 


Vin=VIH oF VIL 


Icc Maximum Quiescent Supply Vin= Vcc or GND 
Current (per Package) ; lout =0 vA 


NOTE: Information on typical parametric values can be found in Chapter 4. 


[symboi[ ____—_—~Parameter_—— «Min ‘| Max | Unit | 


1.9 
‘ 


This device contains protection 
circuitry to guard against damage 
due to high static voltages or electric 
fields. However, precautions must 
be taken to avoid applications of any 
voltage higher than maximum rated 
voltages to this high-impedance 


circuit. For proper operation, Vj, and 
Vout should be constrained to the 
range GND S(Vjn or Vout) = Vcc: 
Unused inputs must always be tied 
to an appropriate logic voltage level 
(e.g., either GND or Vcc). Unused 
outputs must be left open. . 





Guaranteed Limit 


° 
Hearn we | awe | «we 


1.9 
a 


1.9 
“ 


4.5 3.98 3.84 3.70 
6.0 5.48 5.34 5.20 
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AC ELECTRICAL CHARACTERISTICS (C, =50 pF, Input t, =te=6 ns) 
| Guaranteed Limit Limit 
Parameter 25°C to 
Maximum Propagation Delay, Input A or B to Output A=B 210 265 
(Figures 1 and 3) : 42 
: 36 


Maximum Propagation Delay, Cascade Input to Output A=B 
(Figures 2 and 3) 


Maximum Output Transition Time, Any Output 
(Figures 2 and 3) 


6.0 13 16 19 
a a 


NOTES: 
1. For propagation delays with loads other than 50 pF, see Chapter 4. 
2. Information on typical parametric values can be found in Chapter 4. 


Power Dissipation Capacitance (Per Package) Typical @ 25°C, Vcc =5.0 V 


Used to determine the no-load dynamic power consumption: 


Pp=Cpp Vec2f+ Icc Vcc 30 
For load considerations, see Chapter 4. 








SWITCHING WAVEFORMS 














tr 
Vcc 
ase Cascade see Voc 
0 
oF GND Input "10% — GND 
tPLH—> 
Output ue Output 
Figure 1. tTHL 
Figure 2. 
TEST CIRCUIT 










Test Point 


Output 





Device 
Under 
Test 







* Includes all probe and jig capacitance. 


Figure 3. 
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TYPICAL APPLICATION 


Two or more HC688 8-bit Equality Comparators may be cascaded to compare binary or BCD numbers having more than 
8 bits. One method of accomplishing this is shown here. 





An An-1 HC688 Ao 
h A=B A=B 
Output 
8 Least- 
Bn Significant Bn-1 Bo Significant 
Bits Bits 
C) () C) 
Cascade Cascade Cascade 
Input , “| Input Input 


EXPANDED LOGIC DIAGRAM 





-: 1 > Se 19 A=B 
Output 

A3 8 5, 

B3—1 


Al ‘ 
B1 
AO : ) é 
BO 
3 
Cascade 1 
Input : 
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MIiC54/74HC4002 
Dual 4-Input NOR Gate 


High-Performance Silicon-Gate CMOS J SUFFIX 
CERAMIC 


CASE 632-08 


The MC54/74HC4002 is identical in pinout to the MC14002B and MC14002UB. 
The device inputs are compatible with standard CMOS outputs; with pullup resis- 
tors, they are compatible with LSTTL outputs. 


@ Output Drive Capability: 10 LSTTL Loads N SUFFIX 
® Outputs Directly Interface to CMOS, NMOS, and TTL F pesied ten 
@ Operating Voltage Range: 2 to 6 V 

@ Low Input Current: 1 pA 

@ High Noise Immunity Characteristic of CMOS Devices 

@ In Compliance with the Requirements Defined by JEDEC Standard No. 7A D SUFFIX 
® Chip Complexity: 28 FETs or 7 Equivalent Gates SOIC 


CASE 751A-02 


ORDERING INFORMATION 


MC74HCXXXXN Plastic 
MC54HCXXXXJ Ceramic 
MC74HCXXXXD SOIC 


Ta = —55° to 125°C for all packages. 
Dimensions in Chapter 6. 





LOGIC DIAGRAM PIN ASSIGNMENT 


Al 





B1 3 
v1 
C1 
p12 
Y=A+B+C+D 

A22 
37 19 

ids 
ogi tl! 3 NC=NO CONNECTION 

PIN 14=Vop FUNCTION TABLE 


PIN 7= GND 
PINS 6, 8=NO CONNECTION 


| X=don’t care 
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MAXIMUM RATINGS* 


ee 

[Vin [DC input Voge (Referenced to GND) _———*dy = Sto vec+ 1 | VV _ 

[Vout [BC Output Votge (Referenced fo GND) | 0.5 to Voc+05 | V 
[DC Supply Current, Voc and GND Ping 






This device contains protection 
circuitry to guard against damage 
due to high static voltages or electric 
fields. However, precautions must 
be taken to avoid applications of any 
voltage higher than maximum rated 
voltages to this high-impedance 
















: V 
; ; V 
Vv 
°C 
L C 


0 
5 
Power Dissipation in Still Air, Plastic or Ceramic DIPT 0 mW 
SOIC Packaget 500 
0 
0 


circuit. For proper operation, Vip and 
Vout Should be constrained to the 
range GND S(Vjn or Voyt) = Vcc. 
Unused inputs must always be tied 
to an appropriate logic voltage level 
(e.g., either GND or Vcc). Unused 


Lead Temperature, 1 mm from Case for 10 Seconds outputs must be left open. 






Storage Temperature —65 to +150 EOC: 
(Plastic DIP or SOIC Package) 


75 

T fe} 
26 
(Ceramic DIP) 30 


* Maximum Ratings are those values beyond which damage to the device may occur. 
Functional operation should be restricted to the Recommended Operating Conditions. 
tDerating — Plastic DIP: — 10 mW/°C from 65° to 125°C 
Ceramic DIP: — 10 mW/°C from 100° to 125°C 
SOIC Package: —7 mW/°C from 65° to 125°C 
For high frequency or heavy load considerations, see Chapter 4. 





RECOMMENDED OPERATING CONDITIONS 


vce [Be Supply Vokage (Referenced to GND) ——~SCSC~d CP oP 
[VinVour| DC input Voriage, Output Voltage (Referenced to GND) | _0 | Veo | Vv 
t 


tr, tf Input Rise and Fall Time 
(Figure 1) 





DC ELECTRICAL CHARACTERISTICS (Voltages Referenced to GND) 


. 
Parameter Test Conditions cc ° 
vi | 26°C to | psec | <125°C 
— 55°C 
2.0 


VIH Minimum High-Level Input Vout =9.1 V or Vcc —90.1 V ; : : 
Voltage lout] $20 pA 4.5 3.15 3.15 3.15 
6.0 


Maximum Low-Level Input Vout =9.1 V or Vcc —-0.1 V 2.0 

Voltage llout| $20 wA 4.5 0.9 0.9 
6.0 

Minimum High-Level Output Vin = Vin or Vib 2.0 

Voltage Houtl $20 vA 4.5 


4.4 4.4 4.4 
6.0 5.9 5.9 5.9 
Vin= Vin oF VIL llout| <4.0 mA 3.98 3.84 3.70 
lloyut| $5.2 MA 5.48 5.34 5.20 

Maximum Low-Level Output Vin = Ving or VIL 2.0 0.1 0.1 

Voltage out] $20 pA 4.5 0.1 0.1 

6.0 0.1 0.1 
Vin= Vin or VIL Hout| <4.0 mA 0.26 0.33 0.40 
lout} $5.2 mA 0.26 0.33 0.40 

ae ae Maximum Input Leakage Current | Vip =Vcc or GND | 6.0 | 


Icc Maximum Quiescent Supply Vin= Vcc or GND 2 20 BA 
Current (per Package) lout =0 vA 


NOTE: Information on typical parametric values can be found in Chapter 4. 


pA 
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AC ELECTRICAL CHARACTERISTICS (C, =50 pF, Input t,=tp=6 ns) 


Symbol Parameter Voc 25°C to 
| V | gsec | =85°C | =125°C 


tp_H. | Maximum Propagation Delay, Any Input to Output Y 2.0 120 150 180 
tPHL (Figures 1 and 2) 4.5 24 30 
6.0 20 26 


tTLH, | Maximum Output Transition Time, Any Output : 75 95 
tTHL (Figures 1 and 2) : i 


ore 
1. For propagation delays with loads other than 50 pF, see Chapter 4. 
2. Information on typical parametric values can be found in Chapter 4. 


Power Dissipation Capacitance (Per Gate) Typical @ 25°C, Voc =5.0 V 


Used to determine the no-load dynamic power consumption: 


Pp=Cpp Vccf+!Icc Voc 
For load considerations, see Chapter 4. 








tr 











TEST POINT 


Voc 
50% 
A, B, C, OR D ono 


INPUT 90% 
DEVICE 


UNDER 
TEST 







OUTPUT Y 


* Includes all probe and jig capacitance. 


Figure 1. Switching Waveforms Figure 2. Test Circuit 





EXPANDED LOGIC DIAGRAM 
(% of the Device) 
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MOTOROLA 
TECHNICAL DATA 


Advance Information 
Quad Analog Switch/ 


Multiplexer/Demultiplexer 
High-Performance Silicon-Gate CMOS 


The MC54/74HC4016 utilizes silicon-gate CMOS technology to achieve fast prop- 
agation delays, low ON resistances, and low OFF-channel leakage current. This bi- 
lateral switch/multiplexer/demultiplexer controls analog and digital voltages that 
may vary across the full power-supply range (from Vcc to GND). 

The HC4016 is identical in pinout to the metal-gate CMOS MC14016 and 
MC14066. Each device has four independent switches. The device has been de- 
signed so that the ON resistances (RON) are much more linear over input voltage 
than Ron of metal-gate CMOS analog switches. 

This device is identical in both function and pinout to the HC4066. The ON/OFF 
Control inputs are compatible with standard CMOS outputs; with pullup resistors, 
they are compatible with LSTTL outputs. For analog switches with voltage-level 
translators, see the HC4316. For analog switches with lower Ron characteristics, 
use the HC4066. 


Fast Switching and Propagation Speeds 

High ON/OFF Output Voltage Ratio 

Low Crosstalk Between Switches 

Diode Protection on All Inputs/Outputs 

Wide Power-Supply Voltage Range (Vcc — GND) =2.0 to 12.0 Volts 
Analog Input Voltage Range (Vcc — GND) =2.0 to 12.0 Volts 

Improved Linearity and Lower ON Resistance over Input Voltage than the 
MC14016 or MC14066 

Low Noise 

Chip Complexity: 32 FETs or 8 Equivalent Gates 


LOGIC DIAGRAM 


XA 1 2 YA 
13 
A ON/OFF CONTROL 
Xp 3 YB 
5 ANALOG 
B ON/OFF CONTROL OUTPUTS/INPUTS 
Xc g : Yc 
6 
C ON/OFF CONTROL 
Xo 11 10 Yp 
12 


D ON/OFF CONTROL 


ANALOG INPUTS/OUTPUTS = Xq, Xp, Xc, Xp 
PIN 14=Vec 
PIN 7=GND 











MiC54/74HC4016 


J SUFFIX 
CERAMIC 
CASE 632-08 


N SUFFIX 
PLASTIC 
CASE 646-06 


D SUFFIX 
= SOIC 
: CASE 751A-02 





ORDERING INFORMATION 


MC74HCXXXXN Plastic 
MC54HCXXXXJ Ceramic 
MC74HCXXXXD SOIC 


Ta = —55° to 125°C for all packages. 
Dimensions in Chapter 6. 


PIN ASSIGNMENT 


A ON/OFF 
CONTROL 


D ON/OFF 


B ON/OFF 
CONTROL 


C ON/OFF 
CONTROL 


FUNCTION TABLE 


On/Off Control State of 
Input Analog Switch 


L Off 
H On 





This document contains information on a new product. Specifications and information herein are subject to change without notice. 
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MAXIMUM RATINGS* 


; - 
V 
“s_— 









This device contains protection 
circuitry to guard against damage 
due to high static voltages or electric 
fields. However, precautions must 
be taken to avoid applications of any 
voltages higher than the maximum 
rated voltages to this high- 
impedance circuit. For proper 
operation, Vjp and Voyt should be 
constrained to the range GND <(Vjn 
or Vout) = Vcc: 

Unused inputs must always be tied 
to an appropriate logic level (é.g., 
either GND or Vcc). Unused outputs 
must be left open. I/O pins must be 
connected to a properly terminated 
line or bus. 


Positive DC Supply Voltage (Referenced to GND) —0.5 to + 14.0 
Analog Input Voltage (Referenced to GND) —0.5 to Voc + 0.5 
Digital Input Voltage (Referenced to GND) —1.5 to Veco +1.5 
TL 






DC Current Into or Out of Any Pin mA 


i 25 
Power Dissipation in Still Air, Plastic or Ceramic DIPT 750 mW 
SOIC Packaget 500 
Storage Temperature —65 to + 150 


Lead Temperature, 1 mm from Case for 10 Seconds ad @ 
(Plastic DIP or SOIC Package) 
(Ceramic DIP) 


* Maximum Ratings are those values beyond which damage to the device may occur. 
Functional operation should be restricted to the Recommended Operating Conditions. 
tDerating — Plastic DIP: —10 mW/°C from 65° to 125°C 
Ceramic DIP: —10 mW/°C from 100° to 125°C 
SOIC Package: —7 mW/°C from 65° to 125°C 
For high frequency or heavy load considerations, see Chapter 4. 









RECOMMENDED OPERATING CONDITIONS 


[symbol|_——=—=S—SPavameter = SSS*d;CMn ‘| 
[Vig [Analog Input Votage (Referenced to GND) | GND | Veg |v _ 
Lag 











Static or Dynamic Voltage Across Switch 
Operating Temperature, All Package Types | 55 


Input Rise and Fall Time, ON/OFF Control 
Inputs (Figure 10) 






tr tf 









Vcc =2.0 V 





*For voltage drops across the switch greater than 1.2 V (switch on), excessive Vcc current may be 
drawn, i.e., the current out of the switch may contain both Vcc and switch input components. The 
reliability of the device will be unaffected uless the Maximum Ratings are exceeded. 


DC ELECTRICAL CHARACTERISTICS Digital Section (Voltages Referenced to GND) 


Parameter Test Conditions 


Minimum High-Level Voltage Ron = per spec 
ON/OFF Control Inputs 


Maximum Low-Level Voltage Ron = per spec 
ON/OFF Control Inputs 


Maximum Input Leakage Current, Vin=Vcc or GND 
ON/OFF Control Inputs 


Icc | Maximum Quiescent Supply Vin=Vcc or GND 
Current (per Package) Vio=0V 





NOTE: Information on typical parametric values can be found in Chapter 4. 
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5-433 


MC54/74HC4016. 


DC ELECTRICAL CHARACTERISTICS Analog Section (Voltages Referenced to GND) 


Symbol Parameter Test Conditions 


Maximum “‘ON” Resistance Vin=VIH_ . 
Vis=Vcc to GND 
Ig <2.0 mA (Figures 1, 2) 


Vin= VIH 
Vis =Vcc or GND (Endpoints) 
Ig <2.0 mA (Figures 1, 2) 


Maximum Difference in “ON” Vin = VIH 
Resistance Between Any Two Vig =1/2 (Vec—- GND) 


Channels in the Same Package Ig <2.0 mA 


Maximum Off-Channel Leakage Vin = VIL 
Current, Any One Channel Vio=Vcc or GND 
Switch Off (Figure 3) 


Maximum On-Channel Leakage Vin = VIH 
Current, Any One Channel Vis=Vcc or GND 
(Figure 4) 





TAt supply voltage (Vcc — GND) approaching 2 V the analog switch-on resistance becomes extremely non-linear. Therefore, for low-voltage 
Operation, it is recommended that these devices only be used to control digital signals. 
NOTE: Information on typical parametric values can be found in Chapter 4. 


AC ELECTRICAL CHARACTERISTICS (C,_=50 pF, ON/OFF Control Inputs: t, = ts=6 ae 
’ | Guaranteed Limit | Limit 
Symbol Parameter a 25°C to 
° ° 
tpLH, | Maximum Propagation Delay, Analog Input to Analog Output 
tPHL (Figures 8 and 9) : iB 
: 15 
| | 15 
tp_z, | Maximum Propagation Delay, ON/OFF Control to Analog Output 
tpH7 (Figures 10 and 11) 
tpz_, | Maximum Propagation Delay, ON/OFF Control to Analog Output 
tPZH (Figures 10 and 11) 
C Maximum Capacitance ON/OFF Control Input L | 
Control Input = GND 
Analog |/O 
. Feedthrough 


NOTES: 
1. For propagation delays with loads other than 50 pF, see Chapter 4. 
2. Information on typical parametric values can be found in Chapter 4. 


Power Dissipation Capacitance (Per Switch) (Figure 13) Typical @ 25°C, Vcc =5.0 V 
Used to determine the no-load dynamic power consumption: 
pF 





Pp=Cpp Vcc2F+Icc Vcc 
For load considerations, see Chapter 4. 
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ADDITIONAL APPLICATION CHARACTERISTICS (Voltages Referenced to GND unless noted) 


Parameter 


Maximum On-Channel Bandwidth or 
Minimum Frequency Response 
(Figure 5) 


Off-Channel Feedthrough Isolation 
(Figure 6) 


Feedthrough Noise, Control to 
Switch 
(Figure 7) 


Crosstalk Between Any Two Switches 
(Figure 12) 


Total Harmonic Distortion 
(Figure 14) 


Test Conditions 


fin = 1 MHz Sine Wave 
Adjust fj, Voltage to Obtain 0 dBm at Vos 
Increase fj, Frequency Until dB Meter Reads —3 dB 
Ry =50 2, Cy = 10 pF 
fin = Sine Wave 
Adjust fj, Voltage to Obtain 0 dBm at Vis 
fin = 10 kHz, Ry = 600 2, Cy =50 pF 
fin = 1.0 MHz, R_ =50 2, Cy = 10 pF 


Vin 1 MHz Square Wave (t, = tz =6 ns) 
Adjust R;_ at Setup so that Is =O A 
R,_ =600 ©, Cy, =50 pF 


Ri =10 kQ, Cy =10 pF 


fin = Sine Wave 
Adjust fj, Voltage to Obtain 0 dBm at Vis 
fin = 10 kHz, RL = 600 2, CL =50 pF 


fin =1.0 MHz, Ri =50 , Cy =10 pF 


fin=1 kHz, RL =10 kQ, CL =50 pF 
THD =THDMeasured ~ THD Source 
Vis =4.0 Vpp sine wave 
Vis =8.0 Vpp sine wave 
Vis = 11.0 Vpp sine wave 





* Guaranteed limits not tested. Determined by design and verified by qualification. 
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Ron: ON RESISTANCE (QHMS) 


Vin, INPUT VOLTAGE (VOLTS), REFERENCED TO GND 


. Figure 1a. Typical On Resistance, Vcc =2.0 V 


Vins INPUT VOLTAGE (VOLTS), REFERENCED TO GND 


Figure 1e. Typical On Resistance, Vcc = 12.0 V 











Ron, ON RESISTANCE (CHMS) 


a 
= 
S 
rr) 
= 
& 
7%) 
co 
= 
i=) 
ar 5 10 15 20 25 30 35 40 45 50 55 6.0 
Vine INPUT VOLTAGE (VOLTS), REFERENCED TO GND 
Figure 1c. Typical On Resistance, Vcc =6.0 V | 
a 
= 
foo 
S 
x) 
= 
b 
” 
ce 
5 
5 
iJ 


10 2.0 3.0 4.0 50 60 7.0 80 9.0 10.0 11.0 12.0 


Ron: ON RESISTANCE (OHMS) 


[PROGRAMMABLE 


Ez 


Val 


FLAN 
PYAZL | | 


‘a aS 


Vine INPUT VOLTAGE (VOLTS), REFERENCED TO GND 


‘a ZAnn 





a 
i 
= 
= 
oe 
= 


Figure 1b. Typical On Resistance, Vcc =4.5 V 
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Vin. INPUT VOLTAGE (VOLTS), REFERENCED TO GND 


Figure 1d. Typical On Resistance, Vcc =9.0 V 


PLOTTER 






















POWER MINI COMPUTER DC ANALYZER 
SUPPLY 






DEVICE 
UNDER TEST 


>< < 


ee 


= GND 












Figure 2. On Resistance Test Set-Up 
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Vec 


NIC 











SELECTED 
CONTROL 
INPUT 





SELECTED 
CONTROL | 
INPUT 


Figure 3. Maximum Off Channel Leakage Current, Figure 4. Maximum On Channel Leakage Current, 
Any One Channel, Test Set-Up Channel to Channel, Test Set-Up 








*Includes all probe and jig capacitance. * Includes all probe and jig capacitance. 
Figure 5. Maximum On-Channel Bandwidth Figure 6. Off-Channel Feedthrough Isolation, 
Test Set-Up Test Set-Up 
Veci2 Voc Veci2 


RL 


— Voc 











C,* 
if ANALOG IN 


'PLH 


GND 
Vin 1 MHz 
tp = t= 6 ns 


Vcc - 
GND ‘ LI Leaner 


*Includes all probe and jig capacitance. 





ANALOG OUT 


Figure 7. Feedthrough Noise, ON/OFF Control to Figure 8. Propagation Delays, Analog In to Analog Out 
Analog Out, Test Set-Up 
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—Vec 

















ANALOG IN GND 


HIGH 
IMPEDANCE 


ANALOG 
OUT 


~ VoL 


~VoH 


HIGH 
*Includes all probe and jig capacitance. 


IMPEDANCE 


Figure 9. Propagation Delay Test Set-Up Figure 10. Propagation Delay, ON/OFF Control 
to Analog Out 


POSITION (1 )WHEN TESTING tpyz AND tpzy 
WHEN TESTING tp,7 AND tpz7, 


Vos 
fin | ) : 
_ TEST ‘ 
POINT 


SELECTED 
CONTROL 
INPUTS 


Veci2 
* Includes all probe and jig capacitance. 


* Includes all probe and jig capacitance. 


5 Figure 11. Propagation Delay Test Set-Up Figure 12. Crosstalk Between Any Two Switches, 


Test Set-Up 





TO 
© DISTORTION 
METER 


NIC NIC 





= ie oe i eee CONTROL * Includes all probe and jig capacitance. 


Figure 13. Power Dissipation Capacitance Test Set-Up Figure 14, Total Harmonic Distortion, Test Set-Up 
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ey oe ee 
LVI A Ah Ady 
yy inaanaatls 





FREQUENCY (kHz) 


Figure 15. Plot, Harmonic Distortion 


APPLICATION INFORMATION 


The ON/OFF Control pins should be at Vcc or GND logic 
levels, Vcc being recognized as logic high and GND being 
recognized as a logic low. Unused analog inputs/outputs may 
be left floating (not connected). However, it is advisable to 
tie unused analog inputs and outputs to Vcc or GND through 
a low value resistor. This minimizes crosstalk and feedthrough 
noise that may be picked up by the unused I/O pins. 

The maximum analog voltage swings are determined by the 
supply voltages Vcc and GND. The positive peak analog volt- 
age should not exceed Vcc. Similarly, the negative peak an- 
alog voltage should not go below GND. In the example below, 


+12V— 
ANALOG 1/0 


wv 





+12V 
INPUT 











SELECTED 
CONTROL 


the difference between Vcc and GND is twelve volts. There- 
fore, using the configuration in Figure 16, a maximum analog 
signal of twelve volts peak-to-peak can be controlled. 

When voltage transients above Vcc and/or below GND are 
anticipated on the analog channels, external diodes (Dx) are 
recommended as shown in Figure 17. These diodes should be 
small signal, fast turn-on types able to absorb the maximum 
anticipated current surges during clipping. An alternate 
method would be to replace the Dx diodes with MOesorbs 
(Motorola high current surge protectors). MOesorbs are fast 
turn-on devices ideally suited for precise DC protection with 
no inherent wear-out mechanism. 


Veg =12V 
tev 
ANALOG Ol | 


—OV 


OTHER CONTROL 
INPUTS 
(og OR GND) 


A Vcc 


OTHER CONTROL 
INPUTS 
(Voc OR GND) 


Figure 17. Transient Suppressor Application 
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+5V , +5V— 























ANALOG ANALOG ANALOG ANALOG 
SIGNALS SIGNALS SIGNALS SIGNALS 
HC4016 HC4016 
CONTROL CONTROL 
INPUTS INPUTS 
+. R* =2 70 10 ko on as el 
a. Using Pull-Up Resistors b. Using HCT Buffer 


Figure 18. LSTTL/NMOS to HCMOS Interface 


Von =5 V Veo=5 10 12 V 


14 


ANALOG 
SIGNALS 


ANALOG 
SIGNALS 


women 


HC4016 


CONTROL 
INPUTS 





Figure 19. TTL/NMOS-to-CMOS Level Converter 
Analog Signal Peak-to-Peak Greater than 5 V 
(Also see HC4316) 





CHANNEL 4 


CHANNEL 3 


COMMON 1/0 
CHANNEL 2 





CHANNEL 1 












ee SWITCHES [F356 OR 
EQUIVALENT 
T- pF 
CONTROL INPUTS = 
Figure 20. 4-Input Multiplexer Figure 21. Sample/Hold Amplifier 
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m= SEMICONDUCTOR 
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VIC54/74HC4017 
Decade Counter 


High-Performance Silicon-Gate CMOS | Seale 


CASE 620-09 
The MC54/74HC4017 is identical in pinout to the standard CMOS MC14017B. 


The device inputs are compatible with standard CMOS outputs; with pullup resis- 
tors, they are compatible with LSTTL outputs. 


N SUFFIX 
The HC4017 uses a five stage Johnson counter and decoding logic to provide PLASTIC 
high-speed operation. This device also has an active-high, as well as active-low CASE 648-08 
clock input. 


Output Drive Capability: 10 LSTTL Loads 

Outputs Directly Interface to CMOS, NMOS, and TTL 

Operating Voltage Range: 2 to 6 V 

Low Input Current: 1 pA 

High Noise Immunity Characteristic of CMOS Devices 

In Compliance with the Requirements Defined by JEDEC Standard No. 7A 
Chip Complexity: 176 FETs or 44 Equivalent Gates 


D SUFFIX 
SOIC 
CASE 751B-03 





ORDERING INFORMATION 


MC74HCXXXXN Plastic 
MC54HCXXXXJ Ceramic 
MC74HCXXXXD SOIC 


Ta = —55° to 125°C for all packages. 
Dimensions in Chapter 6. 





LOGIC DIAGRAM 


PIN ASSIGNMENT 


Clock 





Vcc 
Reset 





Clock 13 
Enable Q2 Clock 
Q3 Clock Enable 
Q4 { Decade Carry Out 
05 Outputs a9 
O6 04 
Q7 08 
Q8 
Q9 
Carry Out 





Pin 16=Vcc 
Pin 8=GND 


nD I 
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MAXIMUM RATINGS* 


[Symbot | Parameter [ats TU 
Voc _|B¢ Supply Votage Referenced to GND) ———~+Y Ost x70 |v 
[Vin [BC Input Votage Referenced to GND) ——~(y =18 to veg | Vv 
[tin [BC input Curent, perPinSC*dCS am 


Power Dissipation in Still Air, Plastic or Ceramic DIPT 750 mW 
SOIC Packaget 500 


Storage Temperature —65 to +150 a 


Lead Temperature, 1 mm from Case for 10 Seconds 
260 
300 


(Plastic DIP or SOIC Package) 
(Ceramic DIP) 
* Maximum Ratings are those values beyond which damage to the device may occur. 
Functional operation should be restricted to the Recommended Operating Conditions. 
tDerating — Plastic DIP: — 10 mW/°C from 65° to 125°C 
Ceramic DIP: —10 mW/°C from 100° to 125°C 
SOIC Package: —7 mW/°C from 65° to 125°C 
For high frequency or heavy load considerations, see Chapter 4. 






This device contains protection 
circuitry to guard against damage 
due to high static voltages or electric 
fields. However, precautions must 
be taken to avoid applications of any 
voltage higher than maximum rated 
voltages to this high-impedance 








circuit. For proper operation, Vjp, and 
Vout Should be constrained to the 
range GND S(Vjn or Vout) = Vcc: 
Unused inputs must always be tied 
to an appropriate logic voltage level 
(e.g., either GND or Vcc). Unused 
outputs must be left open. 






RECOMMENDED OPERATING CONDITIONS 


"i eee ae Ta 
Vee [Be Supply Vokage [Referenced to GND) —~—«dt= | 80 |v 
Vin-Vout | DC input Voltage, Output Votage (Referenced to GND) | 0 | Veo |v | 
[Ta [Operating Temperature, Al Postage Types | 88 | +128 | =o] 


Input Rise and Fall Time =2, 1000 
(Figure 1) = 4, 500 
400 





DC ELECTRICAL CHARACTERISTICS (Voltages Referenced to GND) 


VIH 


Minimum High-Level Input 
Voltage 





















| Guaranteed Limit ——_—| Limit 
Test Conditions ¥ce 
> <=85°C | <125°C 
Vout =0.1 V or Vec—-0.1 V V 
lout] $20 pA 








a 5. i Ae 









Maximum Low-Level Input Vout =9.1 V or Vec— 0. 1V 2.0 0.3 0.3 V 
Voltage lout! $20 vA 4.5 0.9 
6.0 1.2 
1.9 V 
4.4 
5.9 
Maximum Low-Level Output Vin= ViH or VIL V 






Voltage lout! $20 uA 





0.1 0.1 


6.0 0.1 0.1 0.1 
0.26 0.40 
llout| $5.2 mA 0.26 0.40 


|__lin _|Maximum Input Leakage Current |Vin=VecorGND_ | 6.0 | tr | to | to | nA | 


Icc Maximum Quiescent Supply Vin= Vcc or GND pA 
Current (per Package) lout =O vA 


NOTE: Information on typical parametric values can be found in Chapter 4. 


Vin=VIH OF VIL 





VOH | Minimum High-Level Output Vin = Vip or VIL 2.0 1.9 1.9 
Voltage llout| $20 vA 4.5 4.4 
6.0 5.9 5.9 . 
Vin = Vip or VIL lout! =4.0 mA 3.98 3.84 3.70 
| lout] $5.2 mA 5.48 5.34 5.20 
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AC ELECTRICAL CHARACTERISTICS (C,; =50 pF, Input t, =ts=6 ns) 


fmax | Maximum Clock Frequency (50% Duty Cycle) 
(Figures 1 and 9) 
tpLH, | Maximum Propagation Delay, Clock to 0 2.0 345 
tpHL (Figures 1 and 9) 4.5 
6.0 
tpLH, | Maximum Propagation Delay, Clock to Carry Out 2.0 
tPHL (Figures 2 and 9) 4.5 ie 
6.0 39 
tpLH. | Maximum Propagation Delay, Reset to 2.0 230 
tPHL (Figures 3 and 9) 4.5 46 
6.0 39 
tpLH | Maximum Propagation Delay, Reset to Carry Out 2.0 230 
(Figures 3 and 9) 4.5 46 
6.0 39 










| Guaranteed Limit Limit 
25°C to 5 ‘ 
4.0 





ne F - 
6.0 15 

























tpLH, | Maximum Propagation Delay, Clock Enable to Q 2.0 250 375 
tPHL (Figures 4 and 9) 4.5 50 75 
6.0 43 64 
tpLH. | Maximum Propagation Delay, Clock Enable to Carry Out 2.0 250 375 
tPHL (Figures 5 and 9) 4.5 50 75 
6.0 43 64 
tTLH, | Maximum Output Transition Time, Any Output 2.0 75 110 
tTHL (Figures 8 and 9) 4.5 15 22 
6.0 13 19 


69 
59 





one 
1. For propagation delays with loads other than 50 pF, see Chapter 4. 
2. Information on typical parametric values can be found in Chapter 4. 


Power Dissipation Capacitance (Per Package) Typical @ 25°C, Vcc =5.0 V 


Used to determine the no-load dynamic power consumption: 


Pp=Cpp Vcc4f+Icc Vcc 
For load considerations, see Chapter 4. 
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TIMING REQUIREMENTS (input t,=t;=6 ns) 
Parameter 


Minimum Setup Time, Clock Enable to Clock 
(Figure 6) 


Minimum Setup Time, Clock Enable to Clock (Inhibit Count) 


(Figure 6) 


Minimum Hold Time, Clock to Clock Enable 
(Figure 6) 


Minimum Recovery Time, Reset to Clock 
(Figure 7) 


Minimum Pulse Width, Clock Input 
(Figure 2) 


Minimum Pulse Width, Reset Input 
(Figure 3) 


Minimum Pulse Width, Clock Enable Input 
(Figure 4) 


Maximum Input Rise and Fall Times 
(Figure 1) 


NOTE: crolmetor on typical saramotic values can be found in Chapter 4. 


| Guaranteed Limit | Limit 
<85°C = 125°C 


65 75 
13 - 
11 
65 
13 
11 


65 
13 
11 


125 
25 
21 


100 
20 
17 


100 
20 
17 


100 
20 
17 


1000 
500 
400 





FUNCTION TABLE 


no change 
no change 


reset counter, Q0=H, Q1-Q9=L, CO=H 
advance to next state 

no change 

no change 
advance to next state 





X= Don't care 


* Carry Out=H for QO, Q1, Q2, Q3, or Q4=H; Carry Out=L otherwise. 


PIN DESCRIPTIONS 


INPUTS 


CLOCK (PIN 14) — Counter clock input. While Clock Enable is low, 
a low-to-high transition on this input advances the counter to its next 
state. 

RESET (PIN 15) — Asynchronous counter reset input. A high level 
at this input initializes the counter and forces QO and Carry Out to a 
high, Q1-Q9 are forced to a low level. 

CLOCK ENABLE (PIN 13) — Active-low clock enable input. A low 
level on this input allows the device to count. A high level on this 
input inhibits the counting operation. This input may also be used as 
a negative-edge clock input, using Clock (Pin 14) as an active-high 
enable pin. 


OUTPUTS 


Q0-Q9 (PINS 3, 2, 4, 7, 10, 1, 5, 6, 9, 11) — Decoded decade 
counter outputs. Each of these outputs is high for one clock period 
only. 


CARRY OUT (PIN 12) — Cascading output pin. This output is used 
either as a cascading output or a symmetrical divide-by-ten output. 
This output goes low when a count of five is reached and high when 
the counter advances to zero or when reset. When the counters are 
cascaded this output provides a rising-edge signal for the clock input 
of the next counter stage. 
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SWITCHING WAVEFORMS 








Vice Vcc 
Clock 50% 
——~ GND GND 
tw : 
PH 
tPLH L 
Carry 
Out 50% 
Figure 2. 
Figure 1. 
Vcc 


Reset Clock 


GND Enable 


Q1-Q9 

























Q0, Carry Out 50% 
Figure 3. Clock 
Enable 
VCC 
Clock 
Enable 50% Clock 
GND 
tPHL tPLH 
Carry a Figure 6. 
Out 
tTLH tTHL 
Figure 5. Q0-Q9, 
Carry Out 
Figure 8. 
Se VEC 
Clock 50% 
GND 
t Test Point 
rec r 
Vcc Output 
Reset 50% 
GND 


Figure 7. 


* Includes all probe and jig capacitance. 


Figure 9. Test Circuit 
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TIMING DIAGRAM 


Clock | | | | | 
Enable 
Reset | | 
ee LS Ls . 
a | | | 
a - | | 
o3 Ct | 
aC | 
oe ° | 
as [ | | _ Pee 
op | | 
os | | 
ag | 
Out ow J 





CR ck ne Pr ee de EC es 
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EXPANDED LOGIC DIAGRAM 


3 
| > Qo 
2 
Reset 1 Qi 
qd > é Q2 
7 
: Q3 
1 a : a4 
4 
Clock 
1 
1 > Q5 
5 
Clock 13 oe Q6 
Enable 
6 
<> Q7 
9 
4 > Qs 
11 
7 > ag 
S i . 12 Carry 
e C) C) Out 
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TYPICAL APPLICATIONS 


Vcc 









HC4017 
Vcc 


Reset 
Clock } 














Clock 
+2 Q2 Enable 
+6 Q6 a (No feedback required.) 






ag 
04 
a8 







Buffer 
{Optional to prevent spurious reset.) 


Figure 10 shows a divide by 2 through 10 circuit using one HC4017. Please note that since Reset is asynchronous, the 
output pulse widths are narrow. 


Figure 10. +2 Through + 10 Circuit 





R 
HC4017 












9 Decoded 8 Decoded 8 Decoded - 
Outputs Outputs Outputs 
Clock eS en ae 
First Stage Intermediate Stages Last Stage 


Figure 11 shows a technique for cascading the counters to extend the number of decoded output states. Decoded outputs 
are sequential within each stage and from stage to stage, with no dead time (except propagation delay). 


Figure 11. Counter Expansion 
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NVIC54/74HC4020 
iil seman 


14-Stage Binary Ripple Counter 
High-Performance Silicon-Gate CMOS 


The MC54/74HC4020 is identical in pinout to the standard CMOS MC14020B. The 
device inputs are compatible with standard CMOS outputs; with pullup resistors, 
they are compatible with LSTTL outputs. 

This device consists of 14 master-slave flip-flops with 12 stages brought out to 
pins. The output of each flip-flop feeds the next and the frequency at each output is 
half that of the preceding one. The state of the counter advances on the negative- 
going edge of the Clock input. Reset is asynchronous and active-high. 

State changes of the OQ outputs do not occur simultaneously because of internal 
ripple delays. Therefore, decoded output signals are subject to decoding spikes and 
may have to be gated with the Clock of the HC4020 for some designs. 


N SUFFIX 
PLASTIC 
CASE 648-08 


16 
1 


@ Output Drive Capability: 10 LSTTL Loads 

@ Outputs Directly Interface to CMOS, NMOS, and TTL 

@ Operating Voltage Range: 2 to 6 V ORDERING INFORMATION 
@ Low Input Current: 1 pA 

@ High Noise Immunity Characteristic of CMOS Devices MC74HCXXXXN Plastic 

@ |n Compliance with the Requirements Defined by JEDEC Standard No. 7A MC54HCXXXXJ Ceramic 
@ 


Chip Complexity: 398 FETs or 99.5 Equivalent Gates 


TA = —55° to 125°C for all packages. 
Dimensions in Chapter 6. 





PIN ASSIGNMENT 


LOGIC DIAGRAM 


Clock 

















FUNCTION TABLE 
No Change 
All Outputs are low 
Reset 
Pin 16=Vcc 
Pin 8=GND 


eee eee ae ae eae ae cre tea ea ac a a Re eR, 
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MAXIMUM RATINGS* | 


Te ee 
| Vcc [DC Supply Voltage (Referenced toGND) | -0.5to+7.0 | V 
"Vin [DG Input Voltage (Referenced to GND) +i 18 to Vert | Vv 
| Vout _|DC Output Voltage (Referenced to GND) | - 0.5 to Vec+0.5 | V__| 
[tin [DC input Curent, perPin——=—SC~=~S~S~sdSSCia CY 
| lout _|DC Output Current, per Pin | | mA 
| icc {DC Supply Current, Vcc and GND Pins |S 50 | mA 
aa Cd 
se Ren een ee 


Lead Temperature, 1 mm from Case for 10 Seconds 
260 
300 


(Plastic DIP) 
(Ceramic DIP) 
* Maximum Ratings are those values beyond which damage to the device may occur. 
Functional operation should be restricted to the Recommended Operating Conditions. 
tDerating — Plastic DIP: ~ 10 mW/°C from 65° to 125°C 
Ceramic DIP: — 10 mW/°C from 100° to 125°C 
For high frequency or heavy load considerations, see Chapter 4. 






This device contains protection 
circuitry to guard against damage 
due to high static voltages or electric |. 
fields. However, precautions must 
be taken to avoid applications of any 
voltage higher than maximum rated 
voltages to this high-impedance 









circuit. For proper operation, Vin and 
Vout should be constrained to the 
range GND S(Vin or Vout) S$ Vcc. 

Unused inputs must always be tied 
to an appropriate logic voltage level 
(e.g., either GND or Vcc). Unused 
Outputs must be left open. 








RECOMMENDED OPERATING CONDITIONS 


TMex [Unit 
Veg _|¢ Supply Votage (Referenced to GND) ~~ of 8 | 
VinVout| DC input Voge, Output Votage (Referenced w GND) | 0 | Veg | Vv 
Ta [Operating Temperature, All Peckage Types + 65 | +1268 | °C 


ty, ty | Input Rise and Fall Time 1000 
(Figure 1) Veco =4.5 V 500 
400 





















DC ELECTRICAL CHARACTERISTICS (Voltages Referenced to GND) 


Minimum High-Level Input 
Voltage 








Test Conditions 


| Guaranteed Limit —_—| Limit 
25°C to 
V 








Vout =9.1 V or Vec—0.1 V 
lout] $20 pA 




















Maximum Low-Level Input 
Voltage 


Vout =0.1 V or Veg -0.1 V 
lout] $20 nA 



















Minimum High-Level Output 
Voltage 


Vin = Vin oF VIL 
lout] $20 pA 










Vin = lout! =4.0 mA 


llout| s 5.2 mA 





Vi or VIL 








3.98 3.84 3.70 
5.48 5.34 5.20 
lout! $4.0 mA 0.26 0.40 
llout| $5.2 SS 0.26 0.40 


Pie 22 Maximum Input Leakage Current | Vin=Vcc or GND 
lec Maximum Quiescent Supply Vin= Vcc or GND pA 
Current (per Package) lout =9 wA 


NOTE: Information on typical parametric values can be found in Chapter 4. 





< 


Maximum Low-Level Output 
Voitage 


Vin = VIH oF VIL 
llout| $20 pA 










Vin = ViH or VIL 
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AC ELECTRICAL CHARACTERISTICS (C; =50 pF, Input t,=t¢=6 ns) 


| Guaranteed Limit Limit 


Parameter 25°C to 


Maximum Clock Frequency (50% Duty Cycle) 
(Figures 1 and 4) 


Maximum Propagation Delay, Clock to Q1* : HE 


(Figures 1 and 4) 


Maximum Propagation Delay, Reset to Any Q 
(Figures 2 and 4) 


Maximum Propagation Delay, Qy to Qn + 4 
(Figures 3 and 4) 


Maximum Output Transition Time, Any Output 


(Figures 1 and 4) 


Cin Maximum Input Capacitance Ree FO. 


NOTES: 
1. For propagation delays with loads other than 50 pF, see Chapter 4. 
2. Information on typical parametric values can be found in Chapter 4. 
*For Ta =25°C and C; =50 pF, typical propagation delay from Clock to other Q outputs may be calculated with the following equations: : 
Vcc =2.0 V: tp = [205 + 107.5(N — 1)] ns 
Vcc =4.5 V: tp =141 + 21.5(N — 1)] ns 
Vcc =6.0 V: tp=[35+ 18.3(N—1)] ns 





Power Dissipation Capacitance (Per Package) Typical @ 25°C, Vcc =5.0 V 
Used to determine the no-load dynamic power consumption: 


Pp=Cpp Vcc2f+Icc Vcc 
For load considerations, see Chapter 4. 





TIMING REQUIREMENTS (input t, = t¢=6 ns) 












| Guaranteed Limit | Limit 
Symbol Parameter “ee 25°C to Z a 
_55°C <=85°C | <125°C 
Minimum Recovery Time, Reset Inactive to Clock 
ae at 
d 17 


(Figure 2) 
80 


4.5 16 20 
14 


80 


4.5 16 20 
14 

















Minimum Pulse Width, Clock 
(Figure 1) 





















Minimum Pulse Width, Reset 
(Figure 2) 











Maximum Input Rise and Fall Times 
(Figure 1) 







500 


NOTE: Information on typical parametric values can be found in Chenier 4. 





MOTOROLA HIGH-SPEED CMOS LOGIC DATA 


5-451 





MC54/74HC4020 


PIN DESCRIPTIONS 
INPUTS 


| to this input asynchronously resets the counter to its zero state, 
CLOCK (PIN 10) — Negative-edge triggering clock input. A thus forcing all Q outputs low. 

high-to-low transition on this input advances the state of the OUTPUTS: | 

counter. 


’ 4— 14 PI ae 4, ,1 , 12, 14, , 1,2, om 
RESET (PIN 11) — Active-high reset. A high level applied Pi retest eyed nena Us =! 


Active-high outputs. Each QN output divides the Clock input 
frequency by 2N. 














SWITCHING WAVEFORMS 
Clock 
cen 
Clock ee 
GND 
Reset 
Q1 
; | Any Q | 50% 
Figure 1. 
Figure 2. 
Vcc Test Point 
QN 50% 
Output 
—— GND Device 
Under 


, Test 
QN+1 





Figure 3. 


* Includes all probe and jig capacitance. 


Figure 4. Test Circuit 
EXPANDED LOGIC DIAGRAM 


Reset Q6= Pin 4 Q9= Pin 12 Vcc=Pin 16 
Q7= Pin 6 Q10= Pin 14 GND= Pin 8 
Q8 = Pin 13 Q11=Pin 15 
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TIMING DIAGRAM 


128 256 512 1024 2048 4096 8192 16,384 


mics ee ee ee 
Reset | ee 
ae eee ee eee ee es es, et 
Oe ee ee a ee es i is le 
a ge ee ee ee Se Ny ee ey i 
Ts eet ee ee i i es ee ee 
a et et ee cy ee ae ne 
Oa a ee i I ee ee 
Oat a ek a ee i de ee 
Oa ee ee ls 
013 a ae ee ae ee a ee 
014 | | 


APPLICATIONS INFORMATION 


TIME-BASE GENERATOR HC4020. Selecting outputs Q5, Q10, Q11, and Q12 causes a 
A 60 Hz sinewave obtained through a 1.0 Megohm resistor reset every 3600 clocks. The HC20 decodes the counter out- 
connected directly to a standard 120 Vac power line is applied puts, produces a single (narrow) output pulse, and resets the 
to the input of the MC54/74HC14, Schmitt-trigger inverter. binary counter. The resulting output frequency is 1.0 pulse/ 
The HC14 squares-up the input waveform and feeds the minute. 
Vcc Vcc 









1/6 of HC14 





1.0 Pulse/ Minute 
Aas Output 
120 Vac 
60 Hz . 


MOTOROLA HIGH-SPEED CMOS LOGIC DATA 
5-453 


MOTOROLA 


ma SEMICONDUCTOR 
TECHNICAL DATA 





MiC54/74HC4024 


7-Stage Binary Ripple Counter 


High-Performance Silicon-Gate CMOS , 2 J SUFFIX 
: CERAMIC 
The MC54/74HC4024 is identical in pinout to the standard CMOS MC14024. The Sask Gees 
_ device inputs are compatible with standard CMOS outputs; with pullup resistors, 
they are compatible with LSTTL outputs. 
. This device consists of 7 master-slave flip-flops. The output of each flip- flop feeds N SUFFIX 
the next and the frequency at each output is half that of the preceding one. The PLASTIC 


state of the counter advances on the negative going edge of the Clock input. Reset CASE 646-06 
is asynchronous and active-high. ; 

State changes of the Q outputs do not occur simultaneously because of internal 
ripple delays. Therefore, decoded output signals are subject to decoding spikes and 


may have to be gated with the Clock of the HC4024 for some designs. D SUFFIX 


SOIC 





@ Output Drive Capability: 10 LSTTL Loads CASE 751A-02 

® Outputs Directly Interface to CMOS, NMOS, and TTL 

@ Operating Voltage Range: 2 to 6 V 

® Low Input Current: 1 pA ORDERING INFORMATION 

@ High Noise Immunity Characteristic of CMOS Devices : 

@ |n Compliance with the Requirements Defined by JEDEC Standard No. 7A eee oe 

@ Chip Complexity: 206 FETs or 51.5 Equivalent Gates MC74HCXXXXD SOIC 
TA = —55° to 125°C for all packages. 
Dimensions in Chapter 6. 

LOGIC DIAGRAM | PIN ASSIGNMENT 





NC=No Connection 

















FUNCTION TABLE 
Reset 
eek | Reset | Opa Sie 
Pin 14=Vcc No Change 
Pin 7=GND a Se ECT 
Pins 8, 10 and 13=No Connection | xX [| H | All Outputs are low 


FN eI rn ed ee ae en rd eee ee 
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MAXIMUM RATINGS* 


ea RR SSI eh 
| Vcc |DC Supply Voltage (Referenced to GND) |= 0.5to +7.0_ | OV 
| Vin [DC input Voltage (Referenced toGND) | = 1.StoVec +16 | OV 
| Vout _|DC Output Voltage (Referenced to GND) | -0.5 toVcc+0.5 | OV 

eS ee 

















This device contains protection 
circuitry to guard against damage 
due to high static voltages or electric 
fields. However, precautions must 
be taken to avoid applications of any 
voltage higher than maximum rated 
voltages to this high-impedance 


DC Input Current, per Pin 


| lout__[DC Output Current, per Pin | £25 | mA 
|__'cc [DC Supply Current, Vcc and GND Pins a ae ee 


Power Dissipation in Still Air, Plastic or Ceramic DIPT be mw 
SOIC Packaget 


Storage Temperature —65 to +150 aes 


Lead Temperature, 1 mm from Case for 10 Seconds 
260 
300 


(Plastic DIP or SOIC Package) 
(Ceramic DIP) 
*Maximum Ratings are those values beyond which damage to the device may occur. 
Functional operation should be restricted to the Recommended Operating Conditions. 
tDerating — Plastic DIP: —10 mW/°C from 65° to 125°C 
Ceramic DIP: — 10 mW/°C from 100° to 125°C 
SOIC Package: —7 mW/°C from 65° to 125°C 
For high frequency or heavy load considerations, see Chapter 4. 


circuit. For proper operation, Vin and 
Vout should be constrained to the 
range GND S$(Vin or Vout) Vcc. 

Unused inputs must always be tied 
to an appropriate logic voltage level 
(e.g., either GND or Vcc). Unused 
outputs must be left open. 










RECOMMENDED OPERATING CONDITIONS 


| Symbol| Parameter | Min | Max | Unit_| 
{Voc [DC Supply Voltage (Referenced toGND) | 2.0 | 6.0 | OV 
| Vin-Vout | DC Input Voltage, Output Voltage (Referenced to GND) |_ 0 | Vcc | Vv 
| Ta __|Operating Temperature, All Package Types |= 85 | +125 | °C 


tr, t¢ | Input Rise and Fall Time 
(Figure 1) 
















DC ELECTRICAL CHARACTERISTICS (Voltages Referenced to GND) 


VIH 











Test Conditions 


| Guaranteed Limit —_—| Limit 
is 25°C to 
Minimum High-Level Input Vout =9.1 V or Vcc —-0.1 V V 
Voltage lout! $20 pA as ’ i 
, 6.0 


Maximum Low-Level Input Vout =0.1 V or Vcc -0.1 V 2.0 Vv 
Voltage lloutl $20 pA 4.5 ee 















< 






Maximum Low-Level Output Vin= VIH OF VIL 
Voltage lout! =20 pA 4.5 0.1 
6.0 0.1 
Vin= Vin or Vib lout] $4.0 mA 0.26 0.33 0.40 
lout! $5.2 mA 0.26 0.33 0.40 


Maximum Quiescent Supply Vin=Vcc or GND pA 
Current (per Package) lout =9 nA 


NOTE: Information on typical parametric values can be found in Chapter 4. 






VoH | Minimum High-Level Output Vin = ViH or ViL 2.0 9 9 1.9 V 
Voltage lout] $20 pA 4.5 He i 4.4 
6.0 5.9 5.9 5.9 
Vin= VI or VIL llout| $4.0 mA 3.98 3.84 3.70 
Nout| $5.2 mA 5.48 5.34 5.20 
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AC ELECTRICAL CHARACTERISTICS (C;_=50 pF, Input t,=tg=6 ns) 


7 | Guaranteed Limit Limit 
ce 
Symbol Parameter 25°C to 
a ee 
fmax. | Maximum Clock Frequency (50% Duty Cycle) 
(Figures 1 and 4) 4.5 
6.0 sf 
tp_LH, | Maximum Propagation Delay, Clock to Q1* 2.0 
tPHL (Figures 1 and 4) 4.5 
6.0 
tpH_ | Maximum Propagation Delay, Reset to Any 0 2.0 315 
(Figures 2 and 4) 4.5 63 
6.0 54 
tpLH, | Maximum Propagation Delay, ON to ON +1 2.0 | 190 
tPHL (Figures 3 and 4) | 4.5 38 
6.0 32 
tTLH, | Maximum Output Transition Time, Any Output 2.0 75 |) OS 
tTHL (Figures 1 and 4) 4.5 15 19 
6.0 13 16 


Cine Maximum Input Capacitance 


NOTES: 
1. For propagation delays with loads other than 50 pF, see Chapter 4. 
2. Information on typical parametric values can be found in Chapter 4. 
* For Ta =25°C and C; =50 pF, typical propagation delay from Clock to other Q outputs may be calculated with the following equations: 
Voc =2.0 V: tp =[205 + 100(N — 1)] ns 
Voc =4.5 V: tp =[41 +20(N—1)] ns 
Voc =6.0 V: tp=[35+ 17(N —1)] ns 


Power Dissipation Capacitance (Per Package) Typical @ 26°C, Voc =5.0 V 


Used to determine the no-load dynamic power consumption: 













Pp=Cpp Vec*F+Icc Vec 
| For load considerations, see Chapter 4. 





TIMING REQUIREMENTS (input t;=ts=6 ns) 







[Guaranteed Limit —_—i| Limit 





Parameter 












Minimum Recovery Time, Reset Inactive to Clock 
(Figure 2) 


Minimum Pulse Width, Clock 2.0 | 80 100 
(Figure 1) | | 
17 
Minimum Pulse Width, Reset on oe 
(Figure 2) 
Maximum Input Rise and Fall Times po nae fag 
(Figure 1) 
ie 








NOTE: Information on typical parametric values can be found in Chapter 4. 


PIN DESCRIPTIONS 


INPUTS OUTPUTS 

CLOCK (PIN 1) — Negative-edge triggering clock input. A Q1-Q7 (PINS 12, 11, 9, 6, 5, 4, 3) — Active-high outputs. 
high-to-low transition of this input advances the state of the Each QN output divides the Clock input frequency by 2N. 
counter. 


RESET (PIN 2) — Active-high asynchronous reset. A high 
level applied to this input resets the counter to its zero state, 
thus forcing all Q outputs low. 
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SWITCHING WAVEFORMS 








— V 
Clock bacat cc 
GND 
Q 
Q1 trec 
— VCC 
Clock 50% 
GND 
Figure 1. Figure 2. 
Test Point 
V O) 
ws Output 
ON 50% 
—— GND 
tPLH tPHL 
ON +1 50% qf | 


* Includes all probe and jig capacitance. 


Figure 3. Figure 4. Test Circuit 


TIMING DIAGRAM 


1 2 3 4 8 16 32 64 128 
clock LELFLILILIE LF LE LI LS LS 
Reset es aoe 

Ole ikl Meee ee a es ee aes 
Olesya eee ee 
OS eee a te ee Meee ees 
oe ee rE rer ee (OR| Geeta) aon! Leroy Fee 
Oe i ee a eee fe 
See eee ee ee ee) Cay ene eae (Aer 
ee 
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EXPANDED LOGIC DIAGRAM 


1 Q2 Q3 a4 O5 06 Q7 
12 "1 9 6 5 4 3 

J ® @ @ @ e C) 

e ( ) ) J  ) t } CJ 
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12-Stage Binary Ripple Counter 
High-Performance Silicon-Gate CMOS 


The MC54/74HC4040 is identical in pinout to the standard CMOS MC14040. The 
device inputs are compatible with standard CMOS outputs; with pullup resistors, 
they are compatible with LSTTL outputs. 

This device consists of 12 master-slave flip-flops. The output of each flip-flop 
feeds the next and the frequency at each output is half that of the preceding one. 
The state of the counter advances on the negative-going edge of the Clock input. 
Reset is asynchronous and active-high. 

State changes of the Q outputs do not occur simultaneously because of internal 
ripple delays. Therefore, decoded output signals are subject to decoding spikes and 
may have to be gated with the Clock of the HC4040 for some designs. 


Output Drive Capability: 10 LSTTL Loads 

Outputs Directly Interface to CMOS, NMOS, and TTL 

Operating Voltage Range: 2 to 6 V 

Low Input Current: 1 pA 

High Noise Immunity Characteristic of CMOS Devices 

In Compliance with the Requirements Defined by JEDEC Standard No. 7A 
Chip Complexity: 398 FETs or 99.5 Equivalent Gates 


LOGIC DIAGRAM 





Reset 


Pin 16=Vcc 
Pin 8=GND 





NMIC54/74HC4040 


J SUFFIX 
CERAMIC 
CASE 620-09 


N SUFFIX 
PLASTIC 
CASE 648-08 


ORDERING INFORMATION 


MC74HCXXXXN 
MC54HCXXXXJ 


Plastic 
Ceramic 


Ta = —55° to 125°C for all packages. 
Dimensions in Chapter 6. 





PIN ASSIGNMENT 





FUNCTION TABLE 


reset [Output Sate 
[1 | Aavanoe to next tate | 
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MAXIMUM RATINGS* 


| tin [DC input Current, perPin | 20 | mA 
| lout [OC Output Curent, perPin || mA 


| Pp | Power Dissipation in Still Air, Plastic or Ceramic DIPt 
Storage Temperature —65 to +150 
TL 


Lead Temperature, 1 mm from Case for 10 Seconds 
(Plastic DIP) 
(Ceramic DIP) 


* Maximum Ratings are those values beyond which damage to the device may occur. 
Functional operation should be restricted to the Recommended Operating Conditions. 
tDerating — Plastic DIP: — 10 mW/°C from 65° to 125°C 
Ceramic DIP: — 10 mW/°C from 100° to 125°C 
For high frequency or heavy load considerations, see Chapter 4. 

























RECOMMENDED OPERATING CONDITIONS 


| Voc _|DC Supply Voltage (Referenced toGND) | 2.0 =| 6.0 | Vv 
| Vin-Vout | DC Input Voltage, Output Voltage (Referenced to GND) | 0 | Vcc | V__| 
Operating Temperature, All Package Types | -55 | +125] °c | 


tr, tg | Input Rise and Fall Time 
(Figure 1) 


Symbol Parameter | Test Conditions 


Minimum High-Level Input Vout=0.1 V or Vcc -0.1 V 
Voltage Hout| $20 vA 
















Maximum Low-Level Input Vout =0.1 V or Vcc —-0.1 V 
Voltage lout! $20 vA 


V 
V 
V 
V 


Maximum Low-Level Output Vin = Vin or Vib 
Voltage lout] $20 nA 


Vin = Vin or Vib lout] = 4.0 mA 
; lout! <5.2 mA 


Maximum Input Leakage Current Vin=Vcc or GND | 6.0 | 


Maximum Quiescent Supply Vin=Vcc or GND 
Current (per Package) lout =9 vA 


NOTE: Information on typical parametric values can be found in Chapter 4. 


Minimum High-Level Output Vin= VIH or VIL 
Voltage Hout} $20 pA 
: Vin= Vin or VIL \Iout| $4.0 mA 
lout! <5.2 mA 


IH 
IL 
OH 
OL 
Icc 


5-460 


This device contains protection 
circuitry to guard against damage 
due to high static voltages or electric | 
fields. However, precautions must 
be taken to avoid applications of any 
voltage higher than maximum rated 
voltages to this high-impedance 


circuit. For proper operation, Vip and 
Vout should be constrained to the 
range GND S<(Vjn or Vout) = Vcc: 
Unused inputs must always be tied 
to an appropriate logic voltage level 
(e.g., either GND or Vcc). Unused 
outputs must be left open. 
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AC ELECTRICAL CHARACTERISTICS (C, =50 pF, Input t,=tp=6 ns) 


| Guaranteed Limit Limit 
Symbol Parameter ee 25°C to P ‘ 
55°C <85°C | <125°C 
fmax | Maximum Clock Frequency (50% Duty Cycle) 
(Figures 1 and 4) : 20 " 


tpLH, | Maximum Propagation Delay, Clock to Q1* 
tPHL (Figures 1 and 4) 


Maximum Propagation Delay, Reset to Any OQ 
(Figures 2 and 4) 


Maximum Propagation Delay, QN to QN +1 
(Figures 3 and 4) 


Maximum Output Transition Time, Any Output 
(Figures 1 and 4) 





NOTES: 
1. For propagation delays with loads other than 50 pF, see Chapter 4. 
2. Information on typical parametric values can be found in Chapter 4. 
* For Ta =25°C and C; =50 pF, typical propagation delay from Clock to other Q outputs may be calculated with the following equations: : 
Vcc =2.0 V: tp = [205 + 107.5(N — 1)] ns 
Vcc =4.5 V: tp =[41+21.5(N —1)] ns 
Vcc=6.0 V: tp =[35 + 18.3(N — 1)] ns 


Power Dissipation Capacitance (Per Package) 

Used to determine the no-load dynamic power consumption: 
Pp=Cpp Vcc +!cc Vec 

For load considerations, see Chapter 4. 





TIMING REQUIREMENTS (Input t, = t¢=6 ns) 


| Guaranteed Limit Limit 
Symbol Parameter 25°C to 
Minimum Recovery Time, Reset Inactive to Clock oe 
(Figure 2) : 
. a 


Minimum Pulse Width, Clock 





(Figure 1) 


Minimum Pulse Width, Reset 
(Figure 2) 


Maximum Input Rise and Fall Times 
(Figure 1) 





NOTE: Information on typical parametric values can be found in Chapter 4. 


PIN DESCRIPTIONS 


INPUTS OUTPUTS 

CLOCK (PIN 10) — Negative-edge triggering clock input. A Q1 THRU Q12 (PINS 9, 7, 6, 5, 3, 2, 4, 13, 12, 14, 15, 1) 
high-to-low transition on this input advances the state of the — Active-high outputs. Each QN output divides the Clock 
counter. input frequency by 2N. 


RESET (PIN 11) — Active-high reset. A high level applied 
to this input asynchronously resets the counter to its zero state, 
thus forcing all Q outputs low. 
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SWITCHING WAVEFORMS 





oc 
Clock re Clock 
GND 
Reset 
Q1 
Figure 1. AnyQ 50% 


Figure 2. 





Vcc Test Point 
ees GND Output 
| . 
Figure 3. * Includes all probe and jig capacitance. 
Figure 4. Test Circuit 
EXPANDED LOGIC DIAGRAM 
Q2 Q3 
7 6 
EX eS 
e e 





‘ Reset Q4=Pin 5 Q7=Pin 4 Vcc= Pin 16 
Q5=Pin 3 Q8=Pin 13 GND=Pin 8 
Q6=Pin 2 Q9=Pin 12 
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TIMING DIAGRAM 


4 8 16 32 64 128 256 512 1024 2048 4096 


1 2 
Clock aa ii “a> Ge Le ee Se 
Reset 
sare en sey Mitek, ee eee ee ete es ee cee, ene ee 
OF cca ce  e eee sp hee,  e t, Ve 


OS ete key a le ee ey ee “Mt ee ee, SD 
OP aes ce reel) Peek ee a, Weel i ee, ee 
OO a ae ee hes aes cy ee ae. lies Fol 
et ea reece oe plea, ae ee dee ee ee ls 
OO eee nt in Ce ee le,” Meet Wee ie, 
get ce eee ee ee er, ee eee” ree, 
Oe i aE eek Nt ee sg ee i! ieee eee, “lee 
ON ease ee et ee eee, ies, Wee, Gee 
ON aa ea ee ey eee ee Mee pe 
NO ee On tone a oct Hae tha ne ye eee 


APPLICATIONS INFORMATION 
TIME-BASE GENERATOR 





A 60 Hz sinewave obtained through a 1.0 Megohm resistor Selecting outputs O05, Q10, Q11, and O12 causes a reset every 
connected directly to a standard 120 Vac power line is applied 3600 clocks. The HC20 decodes the counter outputs, produces 
to the input of the HC14, Schmitt-trigger inverter. The HC14 a single (narrow) output pulse, and resets the binary counter. 
squares-up the input waveform and feeds the HC4040. The resulting output frequency is 1.0 pulse/minute. 

Vcc Vcc 





1.0 Pulse/Minute 
Output 


aA>- 


120 Vac 
60 Hz 
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a SEMICONDUCTOR 


MOTOROLA 
TECHNICAL DATA 


Hex Buffers/Logic-Level 


Down Converters 
High-Performance Silicon-Gate CMOS 


The MC54/74HC4049 consists of six inverting buffers, and the MC54/74HC4050 
consists of six noninverting buffers. They are identical in pinout to the MC14049UB 
and MC14050B metal-gate CMOS buffers. The device inputs are compatible with 
standard CMOS outputs; with pullup resistors, they are compatible with LSTTL 
outputs. 

The input protection circuitry on these devices has been modified by eliminating 
the Vcc diodes to allow the use of input voltages up to 15 volts. Thus, the devices 
may be used as logic-level translators that convert from a high voltage to a low 
voltage while operating at the low-voltage power supply. They allow MC14000-series 
CMOS operating up to 15 volts to be interfaced with High-Speed CMOS at 2 to 6 
volts. The protection diodes to GND are Zener diodes, which protect the inputs 
from both positive and negative voltage transients. 


Output Drive Capability: 10 LSTTL Loads 
Outputs Directly Interface to CMOS, NMOS, and TTL 
Operating Voltage Range: 2 to 6 V 
Low Input Current: 5 pA 
High Noise Immunity Characteristic of CMOS Devices 
In Compliance with the Requirements Defined by JEDEC Standard No. 7A 
Chip Complexity: 36 FETs or 9 Equivalent Gates (4049) 
24 FETs or 6 Equivalent Gates (4050) 


LOGIC DIAGRAMS 











HC4049 HC4050 
(INVERTING BUFFER] (NONINVERTING BUFFER) 

w— >on AO ee 
Al —>o—9 AM 2S 1 
nt Sox n> tn 
a3 2 10 3 a3 —2 10_ yg 
ag —U 2 Ns a—l 12 v4 
Pome: ib Ae ests a 

PIN 1=Vec 

PIN 8 = GND 


PINS 13, 16=NO CONNECTION 





MC54/74HC4049 
NMIC54/74HC4050 


J SUFFIX 
CERAMIC 
CASE 620-09 


N SUFFIX 
PLASTIC 
CASE 648-08 


D SUFFIX 
SOIC 
CASE 751B-03 


ORDERING INFORMATION 
MC74HCXXXXN Plastic 
MC54HCXXXXJ Ceramic 
MC74HCXXXXD SOIC 


Ta = —55° to 125°C for all packages. 
Dimensions in Chapter 6. 


PIN ASSIGNMENT 


NC =NO CONNECTION 


FUNCTION TABLE 


; 


L H L 
H L H 
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MAXIMUM RATINGS* 


| Symbol | Parameter | Value | Unit_| 
| Vout [DC Output Voltage (Referenced to GND) | 0.5 toVec+0.5 | Vv 
ta [Benen Core er 
tous 2S Sut Saver pe pn 

[DC Supply Current, Voc and GND Pins | #50 | mA 


—!ec_{Pe Deeteail in Still Air, Plastic or Ceramic DIPT Hid mW 
SOIC Packaget 


Tstq Storage Temperature —65 to + 150 














This device contains circuitry to 
protect the inputs against damage 
due to high static voltages or electric 
fields referenced to the GND pin, 
only. Extra precuations must be 
taken to avoid applications of any 
voltage higher than the maximum 
rated voltages to this high-imped- 
ance circuit. For proper operation, 
the ranges GND<Vjn,ns15 V and 
GND<VoutsVCcc are recom- 
mended. 

Unused inputs must always be tied 
to an appropriate logic voltage level 
(e.g., either GND or Vcc) 











Lead Temperature, 1 mm from Case for 10 Seconds 
(Plastic DIP or SOIC Package) 260 
(Ceramic DIP) 300 


*Maximum Ratings are those values beyond which damage to the device may occur. 
Functional operation should be restricted to the Recommended Operating Conditions. 
tDerating — Plastic DIP: —10 mW/°C from 65° to 125°C 
Ceramic DIP: — 10 mW/°C from 100° to 125°C 
SOIC Package: —7 mW/°C from 65° to 125°C 
For high frequency or heavy load considerations, see Chapter 4. 









. 


RECOMMENDED OPERATING CONDITIONS 


| Symbol | Parameter | Min | Max | Unit_| 
| Voc [DC Supply Voltage (Referencedto GND) | 20 | 6.0 | Ov 


DC Input Voltage (Referenced to GND) ei oe 
. 15. 


DC Output Voltage (Referenced to GND) ee | 
Operating Temperature, All Package Types | -55 | +125] °c | 


tr, ts | Input Rise and Fall Time =2. 1000 
(Figure 1) = 4, 500 
=6. 400 


DC ELECTRICAL CHARACTERISTICS (Voltages Referenced to GND) 


ViH 


Minimum High-Level Input 















7 | Guaranteed Limit | Limit 
Test Conditions cc 25°C to 
V <85°C =125°C 
Vout=0.1 V or Voc —-0.1 V 2 
llout| $20 pA 





4.5 Ne ve ste 
6.0 


Maximum Low-Level Input Vout =9.1 V or Vcc —0.1 V 2.0 0.3 0.3 0.3 V 
Voltage llout| $20 pA 4.5 
6.0 


Minimum High-Level Output Vin= Viv or Vit 2.0 V 
Voltage Hout! $20 pA : : : : : = 
Vin=VIH or Vit lout] <4.0 mA 3.98 3.84 3.70 
out! <5.2 mA 5.48 5.34 5.20 


Voltage 




















Maximum Low-Level Output Vin = ViIH oF VIL 
Voltage Hout! $20 pA 
Vin = Vin or VIL Ilout| <4-0 mA 0.26 0.33 0.40 
lout] <5.2 mA 0.26 0.33 0.40 
Maximum Input Leakage Current | Vi, =Vcc or GND 6.0 +0.1 +1.0 +1.0 
Vin=15 V 6.0 0.5 5.0 5.0 
Maximum Quiescent Supply Vin = 15 V or GND 2 pA 
Current (per Package) lout =0 pA 


NOTE: Information on typical parametric values can be found in Chapter 4. 
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AC ELECTRICAL CHARACTERISTICS (Ci, =50 pF, Input t,= te=6 ns) 


Maximum Propagation Delay, Input A to Output Y 
(Figures 1 and 2) 


Maximum Output Transition Time, Any Output 
(Figures 1 and 2) 


a 


NOTES: 
1. For propagation delays with loads other than 50 pF, see Chapter 4. 
2. Information on typical parametric values can be found in Chapter 4. 


Power Dissipation Capacitance (Per Buffer) Typical @ 25°C, Voc =5.0 V 


Used to determine the no-load dynamic power consumption: 


Pp=Cpp Vec2f +lcec Vcc 27 
For load considerations, see Chapter 4. 








INPUT A INPUT A 


OUTPUT Y 
OUTPUT Y 





tTHL tTLH 


Figure 1a. Switching Waveforms (HC4049) Figure 1b. Switching Waveforms (HC4050) 










_ TEST POINT 


DEVICE 
UNDER 
TEST 







* Includes all probe and jig capacitance. 


Figure 2. Test Circuit 
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LOGIC DETAIL 


HC4049 
(1/6 of the Device) 


> 


HC4050 
(1/6 of the Device) 


ae a 


TYPICAL APPLICATIONS 


LSTTL to Low-Voltage HSCMOS High-Voltage CMOS to HSCMOS 
5V 3V Vpp* ae NEE 
IN OUT IN OUT 
LSTTL HC4049 HC DEVICE = = = 
DEVICE HC4050 STANDARD HC4049 HC DEVICE 
CMOS HC4050 
NOTE: To determine the noise immunity for the LSTTL to low- *Table 1. Supply Examples 





voltage configuration, use Eq. 1 and Eq. 2: 
(TTL) VoH —(CMOS) Vip Eq. 1 
(TTL) Vo_ — (CMOS) Vic Eq. 2 





For the supply levels shown: 
2.4—3 (75%) =2.4—2.25=0.15 V 
0.4—3 (15%) =0.4-—0.45=0.05 V 


Therefore, worst case noise immunity is 50 mV. 


For supply levels greater than 4.5 volts use the 74HCT04 
for direct interface to TTL outputs. 
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= SEMICONDUCTOR | 











MOTOROLA 
TECHNICAL DATA 


Advance Information 


Analog Multiplexers/ 


Demultiplexers 
High-Performance Silicon-Gate CMOS 


The MC54/74HC4051, MC54/74HC4052, and MC54/74HC4053 utilize silicon-gate 
CMOS technology to achieve fast propagation delays, low ON resistances, and low 
OFF leakage currents. These analog multiplexers/demultiplexers control analog volt- 
ages that may vary across the complete power supply range (from Vcc to Veg). 

The HC4051, HC4052, and HC4053 are identical in pinout to the metal-gate 
MC14051B, MC14052B, and MC14053B. The Channel-Select inputs determine which 
one of the Analog Inputs/Outputs is to be connected, by means of an analog switch, 
to the Common Output/Input. When the Enable pin is high, all analog switches are 
turned off. 

The Channel-Select and Enable inputs are compatible with standard CMOS out- 
puts; with pullup resistors, they are compatible with LSTTL outputs. 

These devices have been designed so that the ON resistance (Ron) is more linear 
over input voltage than Ron of metal-gate CMOS analog switches. 

For multiplexers/demultiplexers with channel select latches, see HC4351, HC4352, 
and HC4353. 


Fast Switching and Propagation Speeds 
Low Crosstalk Between Switches 
Diode Protection on All Inputs/Outputs 
Analog Power Supply Range (Vcc — VEE) =2.0 to 12.0 V 
Digital (Control) Power Supply Range (Vcc — GND) =2.0 to 6.0 V 
Improved Linearity and Lower ON Resistance than Metal-Gate Counterparts 
Low Noise 
_In Compliance with the Requirements Defined by JEDEC Standard No. 7A 
Chip Complexity: HC4051— 184 FETs or 46 Equivalent Gates 
HC4052— 168 FETs or 42 Equivalent Gates 
HC4053— 156 FETs or 39 Equivalent Gates 


LOGIC DIAGRAM 
MC54/74HC4051 
Single-Pole, 8-Position Plus Common Off 


. MULTIPLEXER] 
ANALOG J XS DEMULTIPLEXER ~—3.~ COMMON 


INPUTSIOUTPUTS Ff y4 OUTPUT/INPUT 


PIN 16=Ve¢ 
PIN 7 =VeEE 
PIN 8 = GND 


CHANNEL-SELECT 
INPUTS 





ENABLE 
















IMC54/74HC4051 
IMIC54/74HC4052 
IMC54/74HC4053 


J SUFFIX 
CERAMIC 
CASE 620-09 


N SUFFIX 
PLASTIC 
CASE 648-08 


DW SUFFIX 
SOIC 
CASE 751G-01 


ORDERING INFORMATION 


MC74HCXXXXN Plastic 
MC54HCXXXXJ Ceramic 
MC74HCXXXXDW SOIC 


Ta = —55° to 125°C for all packages. 
Dimensions in Chapter 6. 


PIN ASSIGNMENT 
MC54/74HC4051 


FUNCTION TABLE 
MC54/74HC4051 





Control Inputs 
ON Channels 
Enable 





ceeernnee| 


Se Se eee 
pee eT ae eel RE OR ee 
MS ee ee 





X=don’t care 


This document contains information on a new product. Specifications and information herein are subject to change without notice. 
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MC54/74HC4052 
Double-Pole, 4-Position 
Plus Common Off 


LOGIC DIAGRAM PIN ASSIGNMENT 





X SWITCH 















X2 
| ¥3 
x3 
ANALOG J: COMMON ng 
INPUTS/OUTPUTS QUTPUTS/INPUTS ENABLE 
YO 
cae v 
. EE 
Y SWITCH ;: ssi 
Y2 
¥3 
CHANNEL-SELECT § 4 
INPUTS | 8 
Vec = PIN 16 
ENABLE: Ver =PIN 7 
3 GND =PIN 8 
X= Don’t Care 
MC54/74HC4053 


Triple Single-Pole, Double-Position 
Plus Common Off 


LOGIC DIAGRAM PIN ASSIGNMENT 







X SWITCH 





COMMON 
QUTPUTS/INPUTS 


AnaLos § YO 
INPUTS/OUTPUTS } y1 


Y SWITCH 





Z SWITCH 





Z\ 
FU oe TABLE 
A 
Control | Control Inputs —_| 
CHANNEL-SELECT 
ale ON Channels 
Vec=PIN16 Cc 
ENABLE Ver =PIN 7 


GND = PIN 8 


NOTE: This device allows independent control of each switch. Channel-Select Input 
A controls the X Switch, Input B controls the Y Switch, and Input C controls 
the Z Switch. 


<rmtrereiawtreereikjw 
xOireitirwtriir|Dp 


ost CR cee CO ela coiled WO a! Qa 


KE Lrrtre ee re 





X= Don’t Care 
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MAXIMUM RATINGS* 


Vcc | Positive DC Supply Voltage (Ref. to GND) —0.5 to +7.0 V 
(Ref. to Veg) —0.5 to 14.0 









This device contains protection circuitry 
to guard against damage due to high static 
voltages or electric fields. However, | 
precautions must be taken to avoid 
applications of any voltage higher than 
maximum rated voltages to this high-. 
impedance circuit. For proper operation, Vin 


[BC Current Into or Out of Any Pin | 428 == mA 


on mA 
Power Dissipation in Still Air mW 
Plastic or Ceramic DIPt 750 
SOIC Packaget 


500 
Storage Tempersture 


TL Lead Temperature, 1 mm from Case for °C 
10 Seconds (Plastic DIP or SOIC Package) 260 
(Ceramic DIP) 300 


* Maximum Ratings are those values beyond which damage to the device may occur. 
Functional operation should be restricted to the Recommended Operating Conditions. 
tPower Dissipation Temperature Derating: 
Plastic ‘‘N’’ Package: — 10 mW/°C from 65° to 85°C 
Ceramic “J” Package: — 10 mW/°C from 100° to 125°C 
SOIC ‘‘D”’ Package: —7 mW/°C from 65° to 85°C 


and Voyt should be constrained to the 
ranges indicated in the Recommended 
Operating Conditions. 

Unused digital input pins must be tied to 
an appropriate logic voltage level (e.g., 
either GND or Vcc). Unused Analog 1/0 
pins may be left open or terminated. See 
Applications Information. 





RECOMMENDED OPERATING CONDITIONS 


| Symbol | Parameter | Min_ | Max | Unit 


Positive DC Supply Voltage (Ref. to GND) 2.0 Vv 
. (Ref. to Ver) 2.0 


|__VeE__| Negative DC Supply Voltage (Ref. to GND) | -6.0 | GND | Vv _ 











VEE : ) 
|__Vin__| Digital input Voltage (Ref. to GND) | GND _| 
|_Vio* _| Static or Dynamic Voltage Across Switch | — | 1.2 _ 
|__T__| Operating Temperature, All Package Types | -55 | +125 | °C _ 
Input Rise and Fall Time, Vcc =2.0 V a 
* For voltage drops across the switch greater than 1.2 V (switch on), excessive Vcc current 
may be drawn; i.e., the current out of the switch may contain both Vcc and switch 


(Channel Select or Enable Vec=4.5V 
Inputs) 

input components. The reliability of the device will be unaffected unless the Maximum 

Ratings are exceeded. 










DC ELECTRICAL CHARACTERISTICS Digital Section (Voltages Referenced to GND) Veg = GND, Except Where Noted 


; 
Symbol Parameter Test Conditions CC ° 
vi | °C to | gsc | < 125°C 
| —55°C 
Minimum High-Level Input Ron = Per Spec 2.0 1.5 1.5 V 
Voltage, Channel-Select or 4.5 3.15 3.15 
Enable Inputs 6.0 4.2 4.2 


Maximum Low-Level Input Ron = Per Spec 2.0 0.3 0.3 V 
Voltage, Channel-Select or 4.5 0.9 0.9 
Enable Inputs : 1.2 1.2 





VIL 
6.0 
Maximum Input Leakage Current, | Vin=Vcc or GND, Veg= —6.0 V +0.1 +1.0 +1.0 pA 
Channel-Select or Enable Inputs 


Maximum Quiescent Supply Channel Select = Vcc or GND pA 
Current (per Package) Enable = Vcc or GND 
Vis=Vcc or GND 
Vio=0V VeE=GND| 6.0 20 40 
VeE=—6.0} 6.0 80 160 


NOTE: Information on typical parametric values can be found in Chapter 4. 
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DC ELECTRICAL CHARACTERISTICS Analog Section 


Symbol Parameter 











Test Conditions 


m 


| Guaranteed Limit Limit 
Vcc | VEE | 25°C to : 4 



























Maximum “ON” Resistance Vin = VIL or Vin 280 
Vis=Vcc to VEE im ia 170 
Ig $2.0 mA (Figures 1, 2) 100 125 140 
Vin=ViL or ViH 150 190 230 
Vis=Vcc or Veg (Endpoints) 100 125 140 
lg $2.0 mA (Figures 1, 2) 80 100 115 
ARon_ | Maximum Difference in “ON” Vin= Vit or Vin 30 35 40 0 
Resistance Between Any Two Channels | Vis = 1/2 (Vcc — Vee) 12 15 18 
in the Same Package Ig 32.0 mA : : 10 12 14 
loff Maximum Off-Channel Leakage Vin= Vit or Vin pA 
Current, Any One Channel Vio=Vcc— VEE 0.1 
Switch Off (Figure 3) 
Maximum Off-Channel Leakage Vin= VIL or VIH 
Current, Common Channel Vio=Vcc — VEE 
HC4051 | Switch Off (Figure 4) : 
HC4052 : 
HC4053 





Maximum On-Channel Leakage Vin= VIL or VIH 

Current, Channel to Channel Switch to Switch = Vcc — VEE 
HC4051 | (Figure 5) 
HC4052 | 6.0 | 
HC4053 


AC ELECTRICAL CHARACTERISTICS (C, =50 pF, Input t,=t¢=6 ns) 


Symbol Parameter 
tp_H, | Maximum Propagation Delay, Channe!-Select to Analog Output . 
tPHL (Figure 9) ; a 
: 79 

tpLH, | Maximum Propagation Delay, Analog Input to Analog Output : 75 

tPHL (Figure 10) . 15 
| ; 13 

tpLz, | Maximum Propagation Delay, Enable to Analog Output 

tPHz (Figure 11) 


tpz_, | Maximum Propagation Delay, Enable to Analog Output 
tPZH (Figure 11) 


a /Q | Maximum Capacitance verre 1/0 | All Switches Off 


Common 0/1: HC4051 130 130 a 
HC4082 | 
HC4053 
Feedthrough Ea ce 
NOTES: 


1. For propagation delays with loads other than 50 pF, see Chapter 4. 
2. Information on typical parametric values can be found in Chapter 4. 





Power Dissipation Capacitance (Per Package) (Figure 13) Typical @ 25°C, Vcc =5.0 V, Veg=0V 
Used to determine the no-load dynamic power consumption: 

Pp=Cpp Vecf+iec Vec 45 (HC4051) 

For load considerations, see Chapter 4. 80 (HC4052) 


45 (HC4053) 
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ADDITIONAL APPLICATION CHARACTERISTICS (GND =0.0 V) 


: 
Parameter Test Condition cc 25°C 
een 


Maximum On-Channel Bandwidth or fin = 1 MHz Sine Wave 

Minimum Frequency Response Adjust fj, Voltage to Obtain 0 dBm at Vos 

(Figure 6) Increase fj, Frequency Until dB Meter 
Reads —3 dB 
































80 95 120 
80 95 120 





Ry =50 0, CL =10 pF 










Off-Channel Feedthrough Isolation 
(Figure 7) 


fin = Sine Wave | 
Adjust fi, Voltage to Obtain 0 dBm at Vis 
fin = 10 kHz, Ry = 600 0, Cy =50 pF]. 


fin = 1.0 MHz, Ry =50 0, Cy = 10 pF 





Feedthrough Noise, Channel Select Input | Vi,<1 MHz Square Wave 
(ty = t= 6 ns) 
Adjust R,_ at Setup so that Ils =0 A 


Enable = GND 



























to Common 0/1 
(Figure 8) _ 
R, =600 ©, Cy =50 pF 


Ry = 10 kQ, Cy = 10 pF 
Crosstalk Between Any Two Switches 


(Figure 12) 
(Test does not apply to HC4051) 


fin = Sine Wave 
Adjust fi, Voltage to Obtain 0 dBm at Vis 
fin = 10 kHz, Ry = 600 2, C, =50 pF 











fin = 1 MHz, Ry =50 0, CL. =10 pF 










Total Harmonic Distortion 
(Figure 14) 


fin= 1 kHz, RL = 10 kQ, C_ =50 pF 
THD = THDMeasured — THDSource 
Vis =4.0 Vpp sine wave 
Vis =8.0 Vpp sine wave 
Vig = 11.0 Vpp sine wave 


* Limits not tested. Determined by design and verified by qualification. 
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Ron. ON RESISTANCE (OHMS) 





Vig, INPUT VOLTAGE (VOLTS), REFERENCED TO Ver 


Figure 1a. Typical On Resistance, Vcc — VEE =2.0 V 


Ron: ON RESISTANCE (OHMS) 





0 05 10 15 20 25 30 35 40 45 5.0 55 60 
Vis, INPUT VOLTAGE (VOLTS), REFERENCED TO Ver 


Figure 1c. Typical On Resistance, Vcc — Veg =6.0 V 


Ron: ON RESISTANCE (OHMS) 





0 10 20 30 40 50 60 70 80 9.0 10.0 11.0 12.0 
Vis, INPUT VOLTAGE (VOLTS), REFERENCED TO Veg 


Figure le. Typical On Resistance, Vcc — VEE = 12.0 V 


Ron: ON RESISTANCE (OHMS) 





0 05 10 15 20 25 #30 35 40 45 
Vig, INPUT VOLTAGE (VOLTS), REFERENCED TO Ver 


Figure 1b. Typical On Resistance, Vcc — Veg =4.5 V 


Ron ON RESISTANCE (OHMS) 





Vig, INPUT VOLTAGE (VOLTS), REFERENCED TO Veg 


Figure 1d. Typical On Resistance, Vcc — VEE =9.0V 





PLOTTER. 








PROGRAMMABLE 
POWER 
SUPPLY 
















MINI COMPUTER DC ANALYZER 





DEVICE 
UNDER TEST. 






GND ‘= VEE 


Figure 2. On Resistance Test Set-Up 
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Figure 3. Maximum Off Channel Leakage Current, Figure 4. Maximum Off Channel Leakage Current, 
Any One Channel, Test Set-Up Common Channel, Test Set-Up 





Figure 5. Maximum On Channel Leakage Current, * Includes all probe and jig capacitance. 
Channel to Channel, Test Set-Up Figure 6. Maximum On-Channel Bandwidth, 
Test Set-Up 








Vee ot 
CHANNEL SELECT | 
Vit or Vin 
* Includes all probe and jig capacitance. * Includes all probe and jig capacitance. 
Figure 7. Off-Channel Feedthrough Isolation, Figure 8. Feedthrough Noise, Channel Select to 


Test Set-Up . Common Out, Test Set-Up 
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Vec 
COMMON O/| 






_ 
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, TEST 
POINT 






ANALOG 1/0 
Vcc 








CHANNEL SELECT 
GND 


'PLH 


ANALOG OUT 50% 
CHANNEL SELECT 


oe ee 


*Includes all probe and jig capacitance. 
Figure 9a. Propagation Delays, 
Channel Select to Analog Out Figure 9b. Propagation Delay, Test Set-Up Channel 
Select to Analog Out 


~ Vee TEST 


~ POINT 








ANALOG IN 
GND 








'PLH 


ANALOG OUT 





* Includes all probe and jig capacitance. 


Figure 10a. Propagation Delays, 
Analog In to Analog Out Figure 10b. Propagation Delay, Test Set-Up 


Analog In to Analog Out 





POSITION 1 WHEN TESTING tpyz AND tpzy 
POSITION 2 WHEN TESTING tp.z AND tpz, 
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ENABLE 50% 
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ANALOG IMPEDANCE (2) z c* 
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» —Vor 
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ANALOG \ : 
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Figure 11a. Propagation Delays, 
Enable to Analog Out Figure 11b. Propagation Delay, Test Set-Up 


Enable to Analog Out 
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*Includes all probe and jig capacitance. 


Figure 12. Crosstalk Between Any Two Switches, 
Test Set-Up 





TO 
© DISTORTION 
METER 
C, * 
* Includes all probe and jig capacitance. 1.0 - acy icity 3.125 


Figure 14a. Total Harmonic Distortion, Test Set-Up Figure 14b. Plot, Harmonic Distortion 
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APPLICATIONS INFORMATION 


The Channel Select and Enable control pins should be at 
Vcc or GND logic levels. Vcc being recognized as a logic 
high and GND being recognized as a logic low. In this example: 


Vcc = +5 V=logic high 
GND =0 V=logic low 


_ The maximum analog voltage swings are determined by the 

supply voltages Vcc and V_eE. The positive peak analog volt- 
age should not exceed Vcc. Similarly, the negative peak an- 
alog voltage should not go below Veg. In this example, the 
difference between Vcc and V_Eg is ten volts. Therefore, using 
the configuration in Figure 15, a maximum analog signal of 


ten volts peak-to-peak can be controlled. Unused analog in- 
puts/outputs may be left floating (i.e., not connected). How- 
ever, tying unused analog inputs and outputs to Vcc or GND 
through a low value resistor helps minimize crosstalk and 
feedthrough noise that may be picked-up by an unused switch. 
Although used here, balanced supplies are not a require- 
ment. The only constraints on the power supplies are that: 


Vcc — GND =2 to 6 volts 
VeEE—- GND=0 to -6 volts 
Vcc — VEE=2 to 12 volts 
and VeE<GND 


When voltage transients above Vcc and/or below VEE are 
anticipated on the analog channels, external Germanium 
or Schottky diodes (Dy) are recommended as shown in 


. Figure 16. These diodes should be able to absorb the maximum 


anticipated current surges during clipping. 
















+5V— —+5V 
-5V— —-5V 
TO EXTERNAL 
CMOS CIRCUITRY 
0 TO 5 V DIGITAL 
SIGNALS 
~5V 
Figure 16. External Germanium or Schottky 
Figure 15. Application Example Clipping Diodes 
+5V +5V 
+5V— —+5V +5V— —+5V 
ANALOG 
SIGNAL SIGNAL 
VEE — VEE— 





LSTTLINMOS 
CIRCUITRY 









} a ee LSTTLINMOS 
eae 


VEE y 





id *2K <R<10K = 


[BUFFER 
b. Using HCT Interface 


a. Using Pull-Up Resistors 


Figure 17. Interfacing LSTTL/ NMOS to CMOS Inputs 
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FUNCTION DIAGRAM, HC4053 
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MOTOROLA 
TECHNICAL DATA 


14-Stage Binary Ripple 
Counter with Oscillator 
High-Performance Silicon-Gate CMOS 


The MC54/74HC4060 is identical in pinout to the standard CMOS MC14060B. The 
device inputs are compatible with standard CMOS outputs; with pullup resistors, 
they are compatible with LSTTL outputs. 

This device consists of 14 master-slave flip-flops and an oscillator with a fre- 
quency that is controlled either by a crystal or by an RC circuit connected exter- 
nally. The output of each flip-flop feeds the next, and the frequency at each output 
is half that of the preceding one. The state of the counter advances on the 
negative-going edge of Osc In. The active-high Reset is asynchronous and disables 
the oscillator to allow very low power consumption during standby operation. 

State changes of the Q outputs do not occur simultaneously because of internal 
ripple delays. Therefore, decoded output signals are subject to decoding spikes and 
may need to be gated with Osc Out 2 of the HC4060. 


Output Drive Capability: 10 LSTTL Loads 

Outputs Directly Interface to CMOS, NMOS, and TTL 

Operating Voltage Range: 2 to 6 V 

Low Input Current: 1 pA 

High Noise Immunity Characteristic of CMOS Devices 

In Compliance with the Requirements Defined by JEDEC Standard No. 7A 
Chip Complexity: 390 FETs or 97.5 Equivalent Gates 


LOGIC DIAGRAM 


Osc Out 1 


Osc Out 2 


Q12 


Q14 





Pin 16=Vcc 
Pin 8=GND 
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J SUFFIX 
CERAMIC 
CASE 620-09 


N SUFFIX 
PLASTIC 
CASE 648-08 


ORDERING INFORMATION 


MC74HCXXXXN 
MC54HCXXXXJ 


Plastic 
Ceramic 


TA = —55° to 125°C for all packages. 
Dimensions in Chapter 6. 










PIN ASSIGNMENT 


[Osetm | Reset_| Output State 
[1 [Avance to next ste | 


Ail Outputs are low 








MC54/74HC4060 


MAXIMUM RATINGS* 


Symbol | Parameter =| Value | Unit 
| Vcc | DC Supply Voltage (Referenced to GND) -0.5t0+7.0 | Vv | 
be Mia DC Input Voltage (Referenced to GND) —1.5 to Vect+1.5 i ee 


V 
V 
I 






CC : : 
in ; ; 
: 
: : . 750 

Th 






eB I Power Dissipation in Still Air, Plastic or Ceramic DIPTt | 750 | mw 
Storage Temperature | —65 to +150 
(Plastic DIP) 


i (Ceramic DIP) 


* Maximum Ratings are those values beyond which damage to the device may occur. 
Functional operation should be restricted to the Recommended Operating Conditions. 
TtDerating — Plastic DIP: — 10 mW/°C from 65° to 125°C 
Ceramic DIP: —10 mW/°C from 100° to 125°C 
For high frequency or heavy load considerations, see Chapter 4. 


V 

V 

V 
A 
A 
A 
C 





Lead Temperature, 1 mm from Case for 10 Seconds 7¢ 








260 






RECOMMENDED OPERATING CONDITIONS 


| Symbol| Parameter 
DC Supply Voltage (Referenced to GND) 25** | 60 | ve 
DC Input Voltage, Output Voltage (Referenced to GND) | 0 | Vee | ve 


TA Operating Temperature, All Package Types 


Input Rise and Fall Time 
(Figure 1) 

























**The oscillator is guaranteed to function at 2.6 V minimum. However, parametrics are tested at 
2.0 V by driving Pin 11 with an external clock source. 


DC ELECTRICAL CHARACTERISTICS (Voltages Referenced to GND) 


VIH 


Minimum High-Level Input 
Voltage 


Test Conditions 


Vout =0.1 Vor Vec-0.1 V 
lout} $20 pA 


VIL Maximum Low-Level Input 
Voltage 


Vout =0.1 V or Voc -0.1 V 
llout| $20 vA 


VOH Minimum High-Level Output 
Voltage (04-010, Q12-014) 


Vin= Vin or VIL 
lout] $20 pA 


Hout | =4.0 mA 
lout! <5.2 mA 


Vin = VIH oF VIL 


Maximum Low-Level Output 
Voltage (04-010, Q12-014) 


Vin = VIH oF VIL 
lout] $20 pA 


lout! =4.0 mA 
llout| <5.2 mA 


Vin= VIH or ViL 


This device contains protection 
circuitry to guard against damage 
due to high static voltages or electric 
fields. However, precautions must 
be taken to avoid applications of any 
voltage higher than maximum rated 
voltages to this high-impedance 


circuit. For proper operation, Vjpn and 
Vout Should be constrained to the 
range GND S(Vjn or Vout) S Vcc. 

Unused inputs must always be tied 
to an appropriate logic voitage level 
(é.g., either GND or Vcc). Unused 
outputs must be left open. 
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DC ELECTRICAL CHARACTERISTICS (Voltages Referenced to GND) (Continued) 








Parameter Test Conditions 













‘| Minimum High-Level Output 
Voltage (Osc Out 1, Osc Out 2) 


Vin=Vcc or GND 
lout] $20 pA 




















Vin =VccC or GND lout! =1.0mA 


lout! s 1 3 mA 


3.98 3.84 3.70 
5.48 5.34 5.20 
i ; 
6.0 
Vin = Vcc or GND lout! <=1.0 mA 0.26 0.40 
‘ lout! s 1 3 mA 0.26 0.40 
| lin __| Maximum Input Leakage Current | Vin=Vcc or GND |) 60 | +01 | +10 | 410 | uA 


lec Maximum Quiescent Supply Vin= Vcc or GND pA 
Current (per Package) lout =0 pA 


NOTE: Information on typical parametric values can be found in Chapter 4. 















Maximum Low-Level Output 
Voltage (Osc Out 1, Osc Out 2) 


Vin= 
lout] $20 pA 


Vcc or GND 

















AC ELECTRICAL CHARACTERISTICS (C, =50 pF, Input t;=t¢=6 ns) 





Guaranteed | Guaranteed Limit | 
25°C to 










fmax | Maximum Clock Frequency (50% Duty Cycle) 4.0 3.4 
(Figures 1 and 4) ze 20 17 
29 24 20 

Maximum Propagation Delay, Osc In to 04* 530 795 
(Figures 1 and 4) 106 159 
91 135 

Maximum Propagation Delay, Osc In to Q14* 1600 2000 2400 
(Figures 1 and 4) 320 400 480 
272 344 408 

Maximum Propagation Delay, Reset to Any Q 240 300 360 
(Figures 2 and 4) 48 60 72 
41 51 61 

Maximum Propagation Delay, QN to ON+1 125 155 190 
(Figures 3 and 4) 25 31 38 
21 26 32 

Maximum Output Transition Time, Any Output 75 110 
(Figures 1 and 4) 15 22 
13 19 

Maximum Input Capacitance Pe =" | pF 





cae 
1. For propagation delays with loads other than 50 pF, see Chapter 4. 
_ 2. Information on typical parametric values can be found in Chapter 4. 
*For Ta =25°C and C; =50 pF, typical propagation delay from Osc In to other Q outputs may be calculated with the following equations: 
Vcc =2.0 V: tp= [205 + 107.5(N — 1)] ns 
Vcc =4.5 V: tp=[41 +21.5(N —1)] ns 
Vcc =6.0 V: tp=[35+ 18.3(N — 1)] ns 


Power Dissipation Capacitance (Per Package) Typical @ 25°C, Voc =5.0 V 


Used to determine the no-load dynamic power consumption: 


Pp=Cpp Vcc4F+icc Vcc 
For load considerations, see Chapter 4. 
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TIMING REQUIREMENTS (Input t, = ts=6 ns) 


Symbol 
trec | Minimum Recovery Time, Reset Inactive to Osc In* 
(Figure 2) 
tw Minimum Pulse Width, Osc In 
(Figure 1) 
tw 


Minimum Pulse Width, Reset 
(Figure 2) 


tr, te | Maximum Input Rise and Fall Times 
(Figure 1) 


Parameter 











NOTE: Information on typical parametric values can be found in Chapter 4. 


*Osc In driven with external clock. 


° 


Vcc 
V 
2.0 


100 125 150 
4.5 20 25 30 
6.0 17 21 26 
2.0 80 100 120 
4.5 16 20 24 
6.0 14 17 20 
2.0 80 100 120 ns 


16 

14 
2.0 1000 1000 1000 
4.5 500 500 500 
6.0 400 400 400 


PIN DESCRIPTIONS 


INPUTS 
OSC IN (PIN 11) — Negative-edge triggering clock input. 
A high-to-low transition on this input advances the state of 
the counter. Osc In may be driven by an external clock source. 
RESET (PIN 12) — Active-high reset. A high level applied 
to this input asynchronously resets the counter to its zero state 
(forcing all Q outputs low) and disables the oscillator. 


OUTPUTS 


04-010, Q12-014 (PINS 7, 5, 4, 6, 14, 13, 15, 1, 2, 3) — 
Active-high outputs. Each QN output divides the oscillator 


frequency by 2N. The user should note that Q1, Q2, Q3, and 
Q11 are not available as outputs. 


OSC OUT 1, OSC OUT 2 (PINS 10, 9) — Oscillator outputs. 
These pins are used in conjunction with Osc In and the external 
components to form an oscillator. (See Figures 4 and 5). When 
Osc In is being driven with an external clock source, Osc 
Out 1 and Osc Out 2 must be left open circuited. With the 
crystal oscillator configuration in Figure 6, Osc Out 2 must be 
left open circuited. 


SWITCHING WAVEFORMS 





TMOG 
Osc In 
GND 
Q 
Figure 1. 
Vcc 
QN 50% 
— — GND 


ON +1 





Figure 3. 


~———~— VCC 
Reset 
GND 





. =a CE 
Osc In 50% 
GND 


Figure 2. 


Test Point 





Output 


* Includes all probe and jig capacitance. 


Figure 4. Test Circuit 
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EXPANDED LOGIC DIAGRAM 











Q6=Pin 4 Q10=Pin 15 
Q7= Pin 6 Vec=Pin 16 
Q8=Pin 14 GND =Pin 8 
Q9= Pin 13 
i Te ere ag te ee ~T For 2.0 V<Vcc $6.0 V 
, | 10 Ric >Rsg>2 Rte 
Reset l 400 Hz<f<400 kHz: 
| | 1 . 
L. wa as ace ase Game, i aie a itl Pceeen a ema fem——— (fin Hz, Rt. in ohms, Cte in farads) 
Oso Out 1] 10 Osc Out 219 3 RicCtc a < 


The formula may vary for other frequencies. 


Figure 5. Oscillator Circuit Using RC Configuration 
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10{ Osc Out? 9] Osc Out 2 


Figure 6. Pierce Crystal Oscillator Circuit 


Table 1. Crystal Oscillator 
Amplifier Specifications 
Ta = 25°C (Input = Pin 11, Output = Pin 10) 


Type Positive Reactance (Pierce) 
Input Resistance, Rin 60 MQ minimum 

Output Impedance, Zoyt (4.5 V supply) | 200 Q (see text) 

Input Capacitance, Cjn 5 pF typical 

Output Capacitance, Coyt 7 pF typical 


Series Capacitance, Cq__ 5 pF typical 

3 Vdc supply {5.0 expected minimum 
Open loop voltage 4Vdc supply | 4.0 expected minimum 
gain with output at 5 Vdc supply [3.3 expected minimum 
full swing, @ 6 Vdc supply | 3.1 expected minimum 





PIERCE CRYSTAL OSCILLATOR DESIGN 


Rs Ls Os 





‘ 
} 
l 
T 


Co 


Values are supplied by crystal manufacturer (parallel resonant crystal). 


Figure 7. Equivalent Crystal Networks 





Rs ; 
Rload 
Xload 
—iX¢s Zload 





NOTE: C=C1+Cjp, and R=R1+Royz. Co is considered as part of the 
load. Cg and Rf typically have minimal effect below 2 MHz. 


Values are listed in Table 1. 


Figure 9. Parasitic Capacitances 


Figure 8. Series Equivalent Crystal Load of the Amplifier 
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DESIGN PROCEDURES 


The following procedure applies for oscillators operating below 2 MHz where Z is a resistor R1. Above 2 MHz, additional 
impedance elements should be considered: Coyt and Cg of the amp, feedback resistor Rf, and amplifier phase shift error from 
180°. 

Step 1: Calculate the equivalent series circuit of the crystal at the frequency of oscillation. 

—IXCo (Rg + iXL,—IXCy) 


e“=]XcotRstiXLg—-ixcg 8? 


Reactance jXe should be positive, indicating that the crystal is operating as an inductive reactance at the oscillation frequency. 
The maximum Rg for the crystal should be used in the equation. 

Step 2: Determine 6, the attenuation, of the feedback network. For a closed-loop gain of 2,A,8=2,8=2/Ay, where Ay, is the 
gain of the HC4060 amplifier. 

Step 3: Determine the manufacturer's loading capacitance. For example: A manufacturer may specify an external load capacitance 
of 32 pF at the required frequency. 

Step 4: Determine the required Q of the system, and calculate Rigag. For example, a manufacturer specifies a crystal Q of 
100,000. In-circuit Q is arbitrarily set at 20% below crystal OQ or 80,000. Then Riggg = (2mfgls5/Q) — Rg where Lg and Reg are crystal 
parameters. 

Step 5: Simultaneously solve, using a computer, 


eee ons? a on 
er ReRe+Xc2 (Xe— XC) (with feedback phase shift = 180°) _ 


ReX 
Xe=Xc2+Xct+ “5 = XC a9 (where the loading capacitor is an external load, not including Co) (2) 





_RXcoXcal(Xc + Xca(Xc + XCo) —Xc(Xc+ XCot Xc2)] (3) 


R = 
load X2¢2(XC + XCo)2 + R2AIXC+ XC, + XC2)4 
Here R=Roytt+R1. Rout is amp output resistance, R1 is Z. The C corresponding to Xc is given by C=C1+ Cin. 
Alternately, pick a value for R1 (i.e. let R1=Rs). Solve Equations 1 and 2 for C1 and C2. Use Equation 3 and the fact that 
Q = 2mfgls/(Rs+Riggd) to find in-circuit Q. If Q is not satisfactory pick another value for R1 and repeat the procedure. 


CHOOSING R1 ACKNOWLEDGEMENTS AND RECOMMENDED 
Power is dissipated in the effective series resistance of the REFERENCES 
crystal. The drive level specified by the crystal manufacturer 
is the maximum stress that a crystal can withstand without The following publications were used in preparing this 
damage or excessive shift in frequency. R1 limits the drive data sheet and are hereby acknowledged and recommended 
level. for reading: 
To verify that the maximum dc supply voltage does not 
overdrive the crystal, monitor the output frequency as a Technical Note TN-24, Statek Corp. 
function of voltage at Osc Out 2 (Pin 9). The frequency 
should increase very slightly as the dc supply voltage Is in- Technical Note TN-7, Statek Corp. 
creased. An overdriven crystal will decrease in frequency or 
become unstable with an increase in supply voltage. The D. Babin, ‘Designing Crystal Oscillators’, Machine De- 
operating supply voltage must be reduced or R1 must be in- sign, March 7, 1985. 
creased in value if the overdriven condition exists. The user 
should note that the oscillator start-up time is proportional to D. Babin, “Guidelines for Crystal Oscillator Design”, Ma- 
the value ot RI. chine Design, April 25, 1985. 


SELECTING R¢ 


The feedback resistor, R¢, typically ranges up to 20 MQ. R¢ 
determines the gain and bandwidth of the amplifier. Proper 
bandwidth insures oscillation at the correct frequency plus 
roll-off to minimize gain at undesirable frequencies, such as 
the first overtone. Rf must be large enough so as to not af- 
fect the phase of the feedback network in an appreciable 
manner. 


ALSO RECOMMENDED FOR READING: 

E. Hafner, ‘‘The Piezoelectric Crystal Unit - Definitions and 
Method of Measurement’, Proc. IEEE, Vol. 57, No. 2, Feb., 
1969. 


D. Kemper, L. Rosine, ‘Quartz Crystals for Frequency 
Control’, Electro-Technology, June, 1969. 


P. J. Ottowitz, ‘“A Guide to Crystal Selection’, Electronic 
Design, May, 1966. 
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TIMING DIAGRAM 
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MOTOROLA 
TECHNICAL DATA 


Advance Information 
Quad Analog Switch/ 


-Multiplexer/Demultiplexer 
High-Performance Silicon-Gate CMOS 


The MC54/74HC4066 utilizes silicon-gate CMOS technology to achieve fast prop- 
agation delays, low ON resistances, and low OFF-channel leakage current. This bi- 
lateral switch/multiplexer/demultiplexer controls analog and digital voltages that 
may vary across the full power-supply range (from Vcc to GND). 

The HC4066 is identical in pinout to the metal-gate CMOS MC14016 and 
MC14066. Each device has four independent switches. The device has been de- 
signed so that the ON resistances (RON) are much more linear over input voltage 
than RON of metal-gate CMOS analog switches. 

This device is identical in both function and pinout to the HC4016. The ON/OFF 
control inputs are compatible with standard CMOS outputs; with pullup resistors, 
they are compatible with LSTTL outputs. For analog switches with voltage-level 
translators, see the HC4316. 


Fast Switching and Propagation Speeds 

High ON/OFF Output Voltage Ratio 

Low Crosstalk Between Switches 

Diode Protection on All Inputs/Outputs 

Wide Power-Supply Voltage Range (Vcc — GND) = 2.0 to 12.0 Volts 

Analog Input Voltage Range (Vcc — GND) =2.0 to 12.0 Voits 

Improved Linearity and Lower ON Resistance over Input Voltage than the 
MC14016 or MC14066 or HC4016 

Low Noise 

Chip Complexity: 44 FETs or 11 Equivalent Gates 


LOGIC DIAGRAM 
x, 1 2 vy 


A ON/OFF CONTROL 


XB YB 
5 ANALOG 
FF CONTROL , 
B ON/OFF CONTRO OUTPUTS/INPUTS 
9 
Xc 8 Ye 
6 
C ON/OFF CONTROL 
Xp 11 10 Yp 


D ON/OFF CONTROL ANALOG INPUTS/OUTPUTS = Xq, Xp, Xc, Xp 


PIN 14=Vec 
PIN 7=GND 





MC54/74HC4066 


J SUFFIX 
CERAMIC 
CASE 632-08 


N SUFFIX 
PLASTIC 
CASE 646-06 


D SUFFIX 
SOIC 
CASE 751A-02 





ORDERING INFORMATION 


MC74HCXXXXN Plastic 
MC54HCXXXXJ Ceramic 
MC74HCXXXXD SOIC 


Ta = —55° to 125°C for all packages. 
Dimensions in Chapter 6. 





PIN ASSIGNMENT 





FUNCTION TABLE 


On/Off Control State of 
Input Analog Switch 


L Off 
H On 





This document contains information on a new product. Specifications and information herein are subject to change without notice. 
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MAXIMUM RATINGS* 


[symboi| Parameter ———=~=S~*~*~drSC*‘“~*w 
ae 
P| e Curent into or Out af Any Pin 


Power Dissipation in Still Air, Plastic or Ceramic DIPt ame 
SOIC Packaget 


Storage Temperature —65 to +150 a 


Lead Temperature, 1 mm from Case for 10 Seconds 
(Plastic DIP or SOIC Package) 
(Ceramic DIP) | 


* Maximum Ratings are those values beyond which damage to the device may occur. 
Functional operation should be restricted to the Recommended Operating Conditions. 
tDerating — Plastic DIP: — 10 mW/°C from 65° to 125°C 
Ceramic DIP: — 10 mW/°C from 100° to 125°C 
SOIC Package: —7 mW/°C from 65° to 125°C 
For high frequency or heavy load considerations, see Chapter 4. 














RECOMMENDED OPERATING CONDITIONS 


| Symbol| Parameter | Min | Max | Unit _ 
| Vcc __|Positive DC Supply Voltage (Referenced toGND) | 2.0 | 12.0 | Vv 
iis tes pat Vales atanead we ONet S88 | iog 
Digital Input Voltage (Referenced to GND) | GND | Vec | Vv 
[Wig Static or Dynamic Votage Aes Switch P12 |v 
| Ta__| Operating Temperature, All Package Types | -85 | +125 | °C | 


tr, tg | Input Rise and Fall Time, ON/OFF Control 
Inputs (Figure 10) 




















Vcc =2.0V 
Vcc =4.5V 
Vcc =9.0 V 
Vcc = 12.0 V 


* For voltage drops across the switch greater than 1.2 V (switch on), excessive Vcc current may be 
drawn; i.e., the current out of the switch may contain both Vcc and switch input components. The 
reliability of the device will be unaffected unless the Maximum Ratings are exceeded. 


DC ELECTRICAL CHARACTERISTICS Digital Section (Voltages Referenced to GND) 


Minimum High-Level Voltage 
| ON/OFF Control Inputs 












Test Conditions 








Ron= Per Spec 





VIL Maximum Low-Level Voltage 


ON/OFF Control Inputs 


Maximum Input Leakage Current, Vin=Vcc or GND 
ON/OFF Control Inputs 

Icc | Maximum Quiescent Supply Vin= Vcc or GND 
Current (per Package) Vio=0V 


NOTE: Information on typical parametric values can be found in Chapter 4. 


Ron = Per Spec 





Guaranteed Limit 


Vcc 
25°C to 
Ye Papel owe [owe] 





sli teter= 


This device contains protection 
circuitry to guard against damage 
due to high static voltages or electric 
fields. However, precautions must 
be taken to avoid applications of any 
voltages higher than the maximum 
rated voltages to this high- 
impedance circuit. For proper 


operation, Vin and Voyt should be 


constrained to the range GND S(Vjn, 
or Vout) S$ Vcc: 

Unused inputs must always be tied 
to an appropriate logic level (e.g., 
either GND or Vcc). Unused outputs 
must be left open. I/O pins must be 
connected to a properly terminated 
line or bus. 
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DC ELECTRICAL CHARACTERISTICS Analog Section (Voltages Referenced to GND) 


Parameter 


Maximum “ON” Resistance 


Maximum Difference in “ON” 
Resistance Between Any Two 
Channels in the Same Package 


Maximum Off-Channel Leakage 
Current, Any One Channel 


| Maximum On-Channel Leakage 


Guaranteed Limit 


Vcc 
25°C to ‘ ‘ 
Ye afore [owe] oo 
Vin= VIH 


Vis=Vcc to GND : 215 
Ig =2.0 mA (Figures 1, 2) ; 106 
106 


Test Conditions 


Vin=ViH 
1 Vig =Vcec or GND (Endpoints) 
Ig $2.0 mA (Figures 1, 2) 


Vin=VIH 
Vis = 1/2 (Vec— GND) 
Iss2.0mA 


Vin= VIL 
Vio=Vcc or GND 
Switch Off (Figure 3) 
Vin = VIH 
Vis=Vcc or GND 








Current, Any One Channel 
. (Figure 4) 


TAt supply voltage (Vcc ~VEE) approaching 2 V the analog switch-on resistance becomes extremely non-linear. Therefore, for low-voltage 
operation, it is recommended that these devices only be used to control digital signals. 
NOTE: Information on typical parametric values can be found in Chapter 4. 


AC ELECTRICAL CHARACTERISTICS (C, =50 pF, ON/OFF Control Inputs: t, = t¢=6 ns) 


Symbol 
tpLH, | Maximum Propagation Delay, Analog Input to Analog Output 
tPHL (Figures 8 and 9) 
tp_Lz, | Maximum Propagation Delay, ON/OFF Control to Analog Output ~ 
tPHZ (Figures 10 and 11) 
tpz_, | Maximum Propagation Delay, ON/OFF Control to Analog Output 
tPZH (Figures 10 and 11) 
Maximum Capacitance ON/OFF Control Input 


Control! Input = GND 
NOTES: 


' Analog 1/0 
Feedthrough 

1. For propagation delays with loads other than 50 pF, see Chapter 4. 

2. Information on typical parametric values can be found in Chapter 4. 


Parameter 





Typical @ 25°C, Vcc =5.0 V 


Power Dissipation Capacitance (Per Switch) (Figure 13) 

| Used to determine the no-load dynamic power consumption: 
Pp=Cpp Vec*f+Icc Vcc 
For load considerations, see Chapter 4. 
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ADDITIONAL APPLICATION CHARACTERISTICS (Voltages Referenced to GND Unless Noted) 


Symbol Parameter 


Maximum On-Channel Bandwidth or 
Minimum Frequency Response 










Test Conditions 












fin = 1 MHz Sine Wave 
Adjust fj, Voltage to Obtain 0 dBm at Vos 









































(Figure 5) Increase fj, Frequency Until dB Meter Reads —3 dB 60 
Ry =50 2, Cy = 10 pF 
_ Off-Channel Feedthrough Isolation fin = Sine Wave 4.5 dB 
(Figure 6) . Adjust fj, Voltage to Obtain 0 dBm at Vis 9.0 
fin = 10 kHz, Ri. =600 2, CL =50 pF | 12.0 
fin = 1.0 MHz, RL =50 Q, Cy = 10 pF 4.5 — 40 
9.0 —40 
12.0 — 40 
Feedthrough Noise, Control to Vins 1 MHz Square Wave (t, = tf=6 ns) 4.5 60 mVpp 
Switch Adjust Ri, at Setup so thatIsS=0A 9.0 130 
(Figure 7) R_=600 2, C_=50pF | 12.0 200 
Ry = 10 kQ, Cy, = 10 pF 4.5 30 
9.0 65 
12.0 100 
Crosstalk Between Any Two Switches | fj, =Sine Wave 4.5 -—70 
(Figure 12) Adjust fjn, Voltage to Obtain 0 dBm at Vis 9.0 ~70 
fin = 10 kHz, Ry, =600 2, C_ =50 pF | 12.0 -70 
fin = 1.0 MHz, RL =50 Q, Cy, =10 pF 4.5 —80 
9.0 —80 
12.0 — 80 
THD Total Harmonic Distortion fin=1 kHz, RL = 10 kQ, Cy =50 pF % 
: (Figure 14) THD =THDMeasured — | HDsource 
Vis =4.0 Vpp sine wave 4.5 0.10 
Vis =8.0 Vpp sine wave 9.0 0.06 
Vis =11.0 Vpp sine wave | 12.0 0.04 


* Guaranteed limits not tested. Determined by design and verified by qualification. 
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(SWHO) JONVISISIY No Uy 





2.00 


1.75 


Vin INPUT VOLTAGE (VOLTS), REFERENCED TO GND 


Vine INPUT VOLTAGE (VOLTS), REFERENCED TO GND 


Figure ib. Typical On Resistance, Vcc =4.5 V 


Figure 1a. Typical On Resistance, Vcc =2.0 V 
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9.0 V 


Figure 1d. Typical On Resistance, Vcc 





DC ANALYZER 


DEVICE 
UNDER TEST 





1 MIN! COMPUTER 





| PROGRAMMABLE 


(SWHO) JONVISISSY NO ‘Uy 


LAX, 
1 


ANALOG INT 


1 COMMON OUT 








GND 


Vin INPUT VOLTAGE (VOLTS), REFERENCED TO GND 


Figure 2. On Resistance Test Set-Up 


12.0 V 


Figure le. Typical On Resistance, Vcc 
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Vin 





SELECTED 
CONTROL 
INPUT 





Figure 3. Maximum Off Channel Leakage Current, Figure 4. Maximum On Channel Leakage Current, 
Any One Channel, Test Set-Up Test Set-Up 


















* Includes all probe and jig capacitance. *Includes all probe and jig capacitance. 
Figure 5. Maximum On-Channel Bandwidth Figure 6. Off-Channel Feedthrough Isolation, 
Test Set-Up Test Set-Up 
Veci2 Voc Vecj2 
RL 
Vos 
c,* — Vee 
i ANALOG IN 
GND 
ty = tp= 6 ns 
Voc - 7 M7 
GND CONTROL ANALOG OUT 
* Includes all probe and jig capacitance. 
Figure 7. Feedthrough Noise, ON/OFF Control to Figure 8. Propagation Delays, Analog In to Analog Out 


Analog Out, Test Set-Up 
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CONTROL 






| ANALOG IN 


GND 


HIGH 

IMPEDANCE 
10% = —Vpy 

ANALOG 

OUT 


—VoH 





90% 


HIGH 


*Includes all probe and jig capacitance. IMPEDANCE 


Figure 9. Propagation Delay Test Set-Up 


Figure 10. Propagation Delay, ON/OFF Control 
to Analog Out 


POSITION (7 )WHEN TESTING tpyz AND tpzy 
™ POSITION (2)WHEN TESTING tp_z AND tpz, 


, TEST 
POINT 





= Veci2 


* Includes all prope and jig capacitance. * includes all probe and jig capacitance. 


Figure 11. Propagation Delay Test Set-Up Figure 12. Crosstalk Between Any Two Switches, 


| Test Set-Up 


TO 
D DISTORTION 


METER 
NIC. 


nic 





feo ee ON/OFF CONTROL *Iincludes all probe and jig capacitance. 


Figure 13. Power Dissipation Capacitance Test Set-Up Figure 14. Total Harmonic Distortion, Test Set-Up 
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FREQUENCY (kHz) 


Figure 15. Plot, Harmonic Distortion 


APPLICATION INFORMATION 


The ON/OFF Control pins should be at Vcc or GND logic 
levels, Vcc being recognized as logic high and GND being 
recognized as a logic low. Unused analog inputs/outputs may 
be left floating (not connected). However, it is advisable to 
tie unused analog inputs and outputs to Vcc or GND through 
a low value resistor. This minimizes crosstalk and feedthrough 
noise that may be picked-up by the unused I/O pins. 

The maximum analog voltage swings are determined by the 
supply voltages Vcc and GND. The positive peak analog voit- 
age should not exceed Vcc. Similarly, the negative peak an- 
alog voltage should not go below GND. In the example below, 


+12V- 
ANALOG 1/0 


oVv- 
+12V 


Voc 








the difference between Vcc and GND is twelve volts. There- 
fore, using the configuration in Figure 16, a maximum analog 
signal of twelve volts peak-to-peak can be controlled. 

When voltage transients above Vcc and/or below GND are 
anticipated on the analog channels, external diodes (Dx) are 
recommended as shown in Figure 17. These diodes should be 
small signal, fast turn-on types able to absorb the maximum 
anticipated current surges durirtg clipping. An alternate 
method would be to replace the Dx diodes with MO-sorbs 
(Motorola high current surge protectors). MO-sorbs are fast 
turn-on devices ideally suited for precise DC protection with 
no inherent wear out mechanism. 


Vee =12V 
—+12V 
ANALOG Oj | 


-OV 


INPUTS 


te CONTROL 
(Vee OR GND) 


INPUTS 


a CONTROL 
(Vc OR GND) 


Figure 17. Transient Suppressor Application 
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+5V +5V 

















14 
ANALOG 


SIGNALS 


LSTTL 
NMOS 









ANALOG 
SIGNALS 


ANALOG 
SIGNALS 





rot, 


ANALOG 
SIGNALS 


ed 


HC4066 HC4066 


ee Ee 
Pemes ae 
ee ae 


R*=2 10 10 kQ 





CONTROL 
INPUTS 


CONTROL 
INPUTS 





7 





a. Using Pull-Up Resistors b. Using HCT Buffer 


Figure 18. LSTTL/NMOS to HCMOS Interface 
Vop =5 V Veo =5 TO 12V 


ANALOG 
SIGNALS 


ANALOG 
SIGNALS 


—on 


HC4066 


CONTROL 
INPUTS 





Figure 19. TTL/NMOS-to-CMOS Level Converter 
Analog Signal Peak-to-Peak Greater than 5 V 
(Also see HC4316) 





CHANNEL 4 


CHANNEL 3 


COMMON 1/0 
CHANNEL 2 







CHANNEL 1 OUTPUT 






INPUT ee 





SWITCHES LF356 OR 
EQUIVALENT 
io pF 
CONTROL INPUTS = 
Figure 20. 4-Input Multiplexer Figure 21. Sample/Hold Amplifier 
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MiC54/74HC4075 
Triple 3-Input OR Gate 


High-Performance Silicon-Gate CMOS 4 en 


CASE 632-08 
The MC54/74HC4075 is identical in pinout to the MC14075B. The device inputs 


are compatible with standard CMOS outputs; with pullup resistors, they are com- 
patible with LSTTL outputs. 


Output Drive Capability: 10 LSTTL Loads REL 

Outputs Directly Interface to CMOS, NMOS, and TTL CASE 646-06 

Operating Voltage Range: 2 to 6 V 

Low Input Current: 1 nA 

High Noise Immunity Characteristic of CMOS Devices 

In Compliance with the Requirements Defined by JEDEC Standard No. 7A D SUFFIX 

Chip Complexity: 42 FETs or 10.5 Equivalent Gates , SOIC 
CASE 751A-02 





ORDERING INFORMATION 


MC74HCXXXXN Plastic 
MC54HCXXXXJ Ceramic 
MC74HCXXXXD SOIC 


Ta = —55° to 125°C for all packages. 
Dimensions in Chapter 6. 





LOGIC DIAGRAM 


‘< 1 PIN ASSIGNMENT 


Bi YI 


C1 


Y=A+B+C 





A3 
B3 12 10 ¥3 
¢3 13 
PIN 14=Vec¢ 
PIN 7=GND 
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MAXIMUM RATINGS* 


[symbol] Parameter | Vaue Unit 
|__Vc¢ _|DC Supply Voltage (Referenced toGND)_ |= 0.8 to +7.0 | OV 
eee oe a 
| Vout |DC Output Voltage (Referenced toGND)_ | -0.8 to Vec+0.8 | Vv 
[in “Joe tnpue Curent, perPin dT] mA 
| lout [OC Output Current, perPin | 5 | mA 
| tcc [OC Supply Current, Voc and GND Ping | 60 | mA 


Power Dissipation In Still Air, Plastic or Ceramic DIPt mW si 
SOIC Packaget 


te Storage Temperature rT to +160 F986. | 


Lead Temperature, 1 mm from Case for 10 Seconds 
(Plastic DIP or SOIC Package) 260 
(Ceramic DIP) 300 


* Maximum Ratings are those values beyond which damage to the device may occur. 
Functional operation should be restricted to the Recommended Operating Conditions. 
tDerating — Plastic DIP: --10 mW/°C from 65° to 125°C 
Ceramic DIP: —10 mW/°C from 100° to 125°C 
SOIC Package: —7 mW/°C from 65° to 125°C 
For high frequency or heavy load considerations, see Chapter 4. 







This device contains protection 
circuitry to guard against damage 
due to high static voltages or electric 
flelds. However, precautions must 
be taken to avold applications of any 
voltage higher than maximum rated 
voltages to this high-impedance 









circult. For proper operation, Vin and 
Vout should be constrained to the 
range GND s(Vin or Vout) Ver: 

Unused Inputs must always be tied 
to an appropriate logic voltage level 
(e.g., elther GND or Vcc). Unused 
outputs must be left open. 





















RECOMMENDED OPERATING CONDITIONS 


ic en cena ike we 
[Veo [BC Supply Vokage (Referenced to GND) —=«dt—2o | 80 |v 
VinVout | DC input Vortage, Output Voltage (Referenced to GND) | 0 | Veo |v 
[Ta [Operating Temperature, All Pockage Types | 98 | +125 | °c 


ty, te | Input Rise and Fall Time 
(Figure 1) 


















Test Conditions 









Vout =0.1 V or Vcc —0.1 V 
| lout! $20 pA 



























Maximum Low-Level Input 
Voltage 


Vout = 0.1 V or Vcc —-0.1 V 
lloutl $20 pA 









OPN 
ou°o 
= 
co 
ont 
£9 
— 
co 
< 


Nis 
° 
< 


Minimum High-Level Output 
Voltage 





Vin= Vi oF Vit 
Hout! S20 pA 4.5 


ViH 
4.4 4.4 4.4 
5.9 5.9 | 5.9 
Vin = Vin or VIL lout] $4.0 mA 3.98 | 3.84 3.70 
lout] $5.2 mA 5.48 5.34 5.20 
lout! =4.0 mA 


co Minimum High-Level Input 
Vin=ViH OF VIL 
ete rete 
lout] $5.2 mA 0.26 0.40 


Voltage 
Hout] $20 nA 
| lin _| Maximum Input Leakage Current | Vin = Voc or GND | 60 | +01 | +10 | +10 | A | 


/ Icc | Maximum Quiescent Supply Vin= Vcc or GND | pA 
Current (per Package) lout =0 pA 


NOTE: Information on typical parametric values can be found in Chapter 4. 






Maximum Low-Level Output 
Voltage 






PN 
ao 
< 





Vin=ViH oF ViL 
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AC ELECTRICAL CHARACTERISTICS (C, =50 pF, Input t,=t¢=6 ns) 


; | Guaranteed Limit Limit 
Parameter a 25°C to 
° ° 
tpLH, | Maximum Propagation Delay, input A, B, or C to Output Y ie 
tPHL (Figures 1 and 2) ra 
6.0 ss 


Maximum Output Transition Time, Any Output 
(Figures 1 and 2) 













Sore: 
1. For propagation delays with loads other than 50 pF, see Chapter 4. 
2. Information on typical parametric values can be found in Chapter 4. 


Power Dissipation Capacitance (Per Gate) Typical @ 25°C, Vcc =5.0 V 
Used to determine the no-load dynamic power consumption: 


Pp=Cpp VecF+Icc Vec 
For load considerations, see Chapter 4. 










TEST POINT 





DEVICE 
UNDER 
TEST 






OUTPUT Y 


* includes all probe and jig capacitance. 


Figure 1. Switching Waveforms Figure 2. Test Circuit 


EXPANDED LOGIC DIAGRAM 
(% of the Device) 
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MOTOROLA 


a SEMICONDUCTOR 
TECHNICAL DATA 





IMIC54/74HC4078 
8-Input NOR/OR Gate poe: 
High-Performance Silicon-Gate CMOS —a= J SUFFIX 


WY octane 


The MC54/74HC4078 is similar to the CD4078B metal-gate CMOS device. The de- 14 
vice inputs are compatible with standard CMOS outputs; with pullup resistors, they 1 


N SUFFIX 
PLASTIC 
i) CASE 646-06 
. 14 
1 
: 


are compatible with LSTTL outputs. 


Output Drive Capability: 10 LSTTL Loads 

Outputs Directly Interface to CMOS, NMOS, and TTL 

Operating Voltage Range: 2 to 6 V 

Low Input Current: 1 nA 

High Noise Immunity Characteristic of CMOS Devices 

In Compliance with the Requirements Defined by JEDEC Standard No. 7A 
Chip Complexity: 30 FETs or 7.5 Equivalent Gates 


D SUFFIX 
SOIC . 
CASE 751A-02 


ORDERING INFORMATION 


MC74HCXXXXN Plastic 
MC54HCXXXXJ Ceramic 
MC74HCXXXXD SOIC 


TA = —~55° to 125°C for all packages. 
Dimensions in Chapter 6. 





LOGIC DIAGRAM PIN ASSIGNMENT 


© [eo Jat feo [po 


zxonmoow , 
— 


Y=A+B+C+D+E+F+G+H 
X=A+B+C+D+E+F+G+H NC = NO CONNECTION 





PIN 14=Vcc 
PIN 7 = GND 
PINS 6, 8=NO CONNECTION FUNCTION TABLE 


inputs A through H [2utmuts_ 
nputs rou 
ee ole ae 





All inputs L H L 
All other combinations L H 
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MAXIMUM RATINGS* 









Toni 
Vcc [BC Supply Votage (Referenced to GND) «dias +70 | Vv 
[Vous [DC Output Voltage (Referenced to GND) | ~08 tw» voc+05 | _V 
Tin [OC input Current, per in SS« Sam 
125 | ma 

100 | ma 


cc 
in 

DC Supply Current, Voc and GND Pins a 
TL 







V Vv 

Vv Vv 

Vv 

20 mA 

25 mA 

I 50 mA 
Cae | Power Dissipation in Still Air, Plastic or Ceramic DIPt 

SOIC Packaget 500 
| Tsta | °C 


Tstg [Storage Temperature 
(Plastic DIP or SOIC Package) 


i (Ceramic DIP) 


*Maximum Ratings are those values beyond which damage to the device may occur. 
Functional operation should be restricted to the Recommended Operating Conditions. 
tDerating — Plastic DIP: — 10 mW/°C from 65° to 125°C 
Ceramic DIP: — 10 mW/°C from 100° to 125°C 
SOIC Package: —7 mW/°C from 65° to 125°C 
For high frequency or heavy load considerations, see Chapter 4. 






~ 65 to + 150 






Lead Temperature, 1 mm from Case for 10 Seconds 






RECOMMENDED OPERATING CONDITIONS 


symbol] Parameter «din | Max | Unit 
vce [Be Supply Vohage (Referenced to GND) ——~—SC~*zdt—k | | 
Vin-Vout | DC input Vortage, Output Votage (Referenced to GND | 0 | Vcc |v _ 
Ta [Operating Temperature, All Package Types __—_—+| se | +125 | *0 


ty, te | Input Rise and Fall Time 
(Figure 1) 














DC ELECTRICAL CHARACTERISTICS (Voltages Referenced to GND) 


VIH Minimum High-Level Input 
Voltage 


Parameter Test Conditions 


Vout =9.1 V or Vcc —-90.1 V 
Houtl =20 pA 


VIL Maximum Low-Level Input 
Voltage 


Vout =9.1 V or Vcc —-0.1 V 
lout| $20 nA 


Minimum High-Level Output 
Voltage 


Vin=VIH or VIL 
Hout! $20 nA 


Vin = VIH or VIL 


Maximum Low-Level Output 
Voltage 


Vin=VIH or VIL 
Hout] 20 nA 


lout =<5.2 mA 


Vin=VIH oF VIL 


| lin | Maximum Input Leakage Current | Vin = Vcc or GND 


Icc Maximum Quiescent Supply Vin= Vcc or GND 
Current (per Package) lout =0 vA 


NOTE: Information on typical parametric values can be found in Chapter 4. 





This device contains protection 
circuitry to guard against damage 
due to high static voltages or electric 
fields. However, precautions must 
be taken to avoid applications of any 
voltage higher than maximum rated 
voltages to this high-impedance 
circuit. For proper operation, Vin and 
Vout Should be constrained to the 
range GND S(Vjn or Voyt) = Vcc. 

Unused inputs must always be tied 
to an appropriate logic voltage level 
(e.g., either GND or Vcc). Unused 
outputs must be left open. 


Vcc 
Vv 


° 
1.5 
3.15 
4.2 
0.3 0.3 


1.9 
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AC ELECTRICAL CHARACTERISTICS (C, =50 pF, Input t,=te=6 ns) 


| Guaranteed Limit | Limit 
Parameter Yoo 26°C to R | s125°c 
Ea Maxinur Propagation Delay, Any Input to Output Y jeri 
Ea (Figures 1 and 3) = 
bs ih A 


tpLH, | Maximum Propagation Delay, Any Input to Output X 
tpHL (Figures 2 and 3) 












a 







Maximum Output Transition Time, Any Output 
(Figures 1, 2, and 3) 





tTLH. 
tTHL 








Maximum Input Capacitance 


NOTES: 
1. For propagation delays with loads other than 50 pF, see Chapter 4. 
2. Information on typical parametric values can be found in Chapter 4. 


Power Dissipation Capacitance (Per Package) | Typical @ 26°C, Vcc =5.0 V 


Used to determine the no-load dynamic power consumption: 


Pp=Cpp Vcec*f+Icc Voc 
For load considerations, see Chapter 4. 





SWITCHING WAVEFORMS 














ANY INPUT ANY INPUT 


tPLH 







OUTPUT Y OUTPUT X 


Figure 1 Figure 2 







TEST POINT 
OUTPUT 





DEVICE 
UNDER 
TEST 






*Includes all probe and jig capacitance. 


Figure 3. Test Circuit 
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EXPANDED LOGIC DIAGRAM 


>” 
Bs 





MOTOROLA HIGH-SPEED CMOS LOGIC DATA 





5-503 


a SEMICONDUCTOR 








MOTOROLA 
TECHNICAL DATA 


Advance Information 

Quad Analog Switch/ 
Multiplexer/Demultiplexer with 
Separate Analog and Digital 


Power Supplies 
High-Performance Silicon-Gate CMOS 


The MC54/74HC4316 utilizes silicon-gate CMOS technology to achieve fast prop- 
agation delays, low ON resistances, and low OFF-channel leakage current. This bi- 
lateral switch/multiplexer/demultiplexer controls analog and digital voltages that 
may vary across the full analog power-supply range (from Vcc to Veg). 

The HC4316 is similar in function to the metal-gate CMOS MC14016 and 
MC14066, and to the High-Speed CMOS HC4016 and HC4066. Each device has four 
independent switches. The device control and Enable inputs are compatible with 
standard CMOS outputs; with pullup resistors, they are compatible with LSTTL out- 
puts. The device has been designed so that the ON resistances (RON) are much 
more linear over input voltage than Ron of metal-gate CMOS analog switches. 
Logic-level translators are provided so that the On/Off Control and Enable logic-level 
voltages need only be Vcc and GND, while the switch is passing signals ranging 
between Vcc and Veg. When the Enable pin (active-low) is high, all four analog 
switches are turned off. 


Logic-Level Translator for On/Off Control and Enable Inputs 

Fast Switching and Propagation Speeds 

High ON/OFF Output Voltage Ratio 

Diode Protection on All Inputs/Outputs 

Analog Power-Supply Voltage Range (Vcc— Veg) =2.0 to 12.0 Volts 

Digital (Control) Power-Supply Voltage Range (Vcc — GND) =2.0 to 6.0 Volts, 
Independent of Veg 

Improved Linearity of ON Resistance 

Chip Complexity: 66 FETs or 16.5 Equivalent Gates 


LOGIC DIAGRAM 
1 ANALOG 2 
XA SWITCH | YA 
A ON/OFF CONTROL —2 LEVEL 
TRANSLATOR 
4 ANALOG 3 
B ON/OFF CONTROL LEVEL 
CI TRANSLATOR aan 
xp a ANALOG ible OUTPUTSIINPUTS 
C ON/OFF CONTROL — —} LEVEL 
GS TRANSLATOR | 
Xp 13 ANALOG 12 ' PIN 16=Vec 
—— 
D ON/OFF CONTROL LEVEL = VEE 
ENABLE ———2 | _ATRANSLATOR GNO = Veg 


ANALOG INPUTS/OUTPUTS = Xa, Xg, Xc. Xp 











MIC54/74HC4316 | 


J SUFFIX 
CERAMIC 
CASE 620-09 


N SUFFIX 
PLASTIC 
CASE 648-08 


D SUFFIX 
SOIC 
CASE 751B-03 





ORDERING INFORMATION 
MC74HCXXXXN Plastic 


MCS54HCXXXXJ Ceramic 
MC74HCXXXXD SOIC 


Ta = —55° to 125°C for all packages. 
Dimensions in Chapter 6. 


PIN ASSIGNMENT 


FUNCTION TABLE 


onan | Brae 
Enable | Control 
L H 
L L 
H X 


X= don’t care 


This document contains information on a new product. Specifications and information herein are subject to change without notice. 


5-504 


MOTOROLA HIGH-SPEED CMOS LOGIC DATA 


MC54/74HC4316 


MAXIMUM RATINGS* 


| Symbol| Parameter =| Value | Unit | 
Positive DC Supply Voltage (Ref. to GND) -0.5 to +7.0 
(Ref. toVee)| 0.5 to +14.0 


Digital Input Voltage (Ref. to GND) -1.5 to Voc +1.5 
fie We 9 DC Current Into or Out of Any Pin 


Power Dissipation in Still Air, Plastic or Ceramic DIPt 750 mw 
SOIC Packaget 500 


[Tata _| Storage Temperature _ 
(Plastic DIP or SOIC Package) : 
must be left open. I/O pins must be 


TL a 
260 
(Ceramic DIP) 300 
connected to a properly terminated 


*Maximum Ratings are those values beyond which damage to the device may occur. line or bus. 
Functional operation should be restricted to the Recommended Operating Conditions. 
tDerating — Plastic DIP: — 10 mW/°C from 65° to 125°C 
Ceramic DIP: —10 mW/°C from 100° to 125°C 
SOIC Package: —7 mW/°C from 65° to 125°C 
For high frequency or heavy load considerations, see Chapter 4. 






This device contains protection 
circuitry to guard against damage 
due to high static voltages or electric 
fields. However, precautions must 
be taken to avoid applications of any 
voltages higher than the maximum 
rated voltages to this high- 
impedance circuit. For proper 
operation, Vjp;, and Voy should be 
constrained to the range GND s(Vj, 
or Vout) sVcc. 

Unused inputs must always be tied 
to an appropriate logic level (e.g., 
either GND or Vcc). Unused outputs 






















Lead Temperature, 1 mm from Case for 10 Seconds 





RECOMMENDED OPERATING CONDITIONS 


| Symbol | Parameter | Min | Max | Unit _| 
|__Vcc | Positive DC Supply Voltage (Ref. toGND) | 2.0 | 6.0 | Vv 
Ver — [Ngee DC Supp Votage (et GND) | 80 | ew |v 
| Vis__|Analog input Voltage | Vz | Vee | 
ae ie a ae ae a 
|_Vio* | Static or Dynamic Voltage Across Switch | = | 1.2 | OV 
Sa ee ee ee 


Input Rise and Fall Time 
(Control or Enable Inputs) 
(Figure 10) 


*For voltage drops across the switch greater than 1.2 V (switch on), excessive Vcc current may be 
drawn; i.e., the current out of the switch may contain both Vcc and switch input components. The 
reliability of the device will be unaffected unless the Maximum Ratings are exceeded. 






< 






< 






< 






< 
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Ron= Per Spec 


Ron = Per Spec : ; | V 
4.5 0.9 
6.0 1.2 A. : 
Maximum Input Leakage Current, {| Vin=Vcc or GND +0.1 +1.0 
Control or Enable Inputs VeE= -6.0 V 


Maximum Quiescent Supply | Vin=Vec or GND 


Current (per Package) Vio=0V Veg = GND 
Veg = —6.0 


Minimum High-Level Voltage, 
Control or Enable Inputs 












Maximum Low-Level Voltage, 
Control or Enable Inputs 

















NOTE: Information on typical parametric values can be found in Chapter 4. 
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MC54/74H C4316 


DC ELECTRICAL CHARACTERISTICS Analog Section (Voltages Referenced to Veg) 





Guaranteed Limit 


Parameter Test Conditions 25°C to 
Maximum “ON” Resistance Vin=VIH 2. ; _ 
; Vis=Vcc to VEE , : 320 
. ls <2.0 mA (Figures 1, 2) : ; 170 | 
| ; ‘ 170° 
Vin = VIH = 
Vis=Vcc or Veg (Endpoints) : : 225 
Is <2.0 mA (Figures 1, 2) : : 170 
: : 170 


Maximum Difference in “ON” Vin=VIH 
Resistance Between Any Two Vis = 1/2 (Vcc — Vee) 
Channels in the Same Package Ig <2.0mA 


Maximum Off-Channel Leakage Vin= VIL 
Current, Any One Channel Vio=Vcc or VEE 
Switch Off (Figure 3) 


Maximum On-Channel Leakage Vin=VIH 
Current, Any One Channel Vis=Vcc or GND 
(Figure 4) 


*At supply voltage (Vcc — VEE) approaching 2 V the analog switch-on resistance becomes extremely non-linear. Therefore, for low-voltage 
operation, it is recommended that these devices only be used to control digital signals. 
NOTE: Information on typical parametric values can be found in Chapter 4. 


AC ELECTRICAL CHARACTERISTICS (C; =50 pF, Control or Enable: t,=t,=6 ns, Vez = GND) 


| Yec 
Symbol Parameter 25°C to 
tp_H, | Maximum Propagation Delay, Analog Input to Analog Output O 60 75 90 
tPHL (Figures 8 and 9) ; 12 15 18 
; 10 13 15 
® ed 

























tpLz, | Maximum Propagation Delay, Control or Enable to Analog Output 
tPHZ (Figures 10 and 11) 
tpz_, | Maximum Propagation Delay, Control or Enable to Analog Output — 
tp7H (Figures 10 and 11) 

Maximum Capacitance 


NOTES: | 
1. For propagation delays with loads other than 50 pF, see Chapter 4. 
2. Information on typical parametric values can be found in Chapter 4. 












ON/OFF Control 
and Enable Inputs 
Control Input = GND 
Analog !/O 
Feedthrough 






Power Dissipation Capacitance (Per Switch) (Figure 13) Typical @ 25°C, Voc =5.0 V 





Used to determine the no-load dynamic power consumption: 
Pp=Cpp Vcc +Icc Vec , 
For load considerations, see Chapter 4. 





MOTOROLA HIGH-SPEED CMOS LOGIC DATA 
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MC54/74HC4316 


ADDITIONAL APPLICATION CHARACTERISTICS (GND =0 V) 


Maximum On-Channel Bandwidth or | fj, =1 MHz Sine Wave 
Minimum Frequency Response Adjust fj, Voltage to Obtain 0 dBm at Vos 
(Figure 5) Increase fj, Frequency Until dB Meter Reads —3 dB 
Ry =50 0, Cy = 10 pF 


Off-Channel Feedthrough Isolation fin = Sine Wave 
(Figure 6) Adjust fj, Voltage to Obtain 0 dBm at Vis 
fin = 10 kHz, Ri, =600 2, Cy =50 pF 


fin =1.0 MHz, Ry. =50 0, CL = 10 pF 


Feedthrough Noise, Control to Vins 1 MHz Square Wave (t, = ts =6 ns) 
Switch Adjust Ry. at Setup so that Is =0 A 
(Figure 7) R,. =600 2, C_ =50 pF 


RL =10 kQ, CL=10 pF} 2.25 | -2.25 
4.50 | —4.60 65 
6.00 | —6.00| 100 


Crosstalk Between Any Two Switches | fj, Sine Wave 
(Figure 12) Adjust fi; Voltage to Obtain 0 dBm at Vis 
fj, = 10 kHz, Ry, = 600 2, Cy =50 pF 


fin = 1.0 MHz, Ry =50 0, Cy =10 pF 


Total Harmonic Distortion fin=1 kHz, Ry = 10 kQ, Cy =50 pF 
(Figure 14) THD = TH DMeasured —TH Dsource 
Vis =4.0 Vpp sine wave 
Vis =8.0 Vpp sine wave 
Vis = 11.0 Vpp sine wave 





*Limits not tested. Determined by design and verified by qualification. 
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Ron, ON RESISTANCE (OHMS) 


_ Figure 1a. Typical On Resistance, Vcc - VEE =2.0 V 


Ron ON RESISTANCE (OHMS) 


PARA TT 
anvaee 


Vin, INPUT VOLTAGE (VOLTS), REFERENCED TO Vef 


Figure 1c. Typical On Resistance, Vcc — VEE =6.0 V 









aa 
70 

_7cCe SC 
oi ae 
Bee e2ta= 
g SET ere 
s eTT ITT TL 











Ron, ON RESISTANCE (OHMS) 


Ron ON RESISTANCE (OHMS) 


05 10 15 20 25 30 35 40 45 50 55 60 





0 10 20 3.0 40 50 60 7.0 80 90 10.0 11.0 12.0 


Vine INPUT VOLTAGE (VOLTS), REFERENCED TO Vee 


Figure te. Typical On Resistance, Vcc -— VEE =12.0 V 





0 O85 10 15 20 25 30 35 40 45 
Vinr INPUT VOLTAGE (VOLTS), REFERENCED TO Vee 


Figure 1b. Typical On Resistance, Vcc — Veg =4.5 V 





Vin INPUT VOLTAGE (VOLTS), REFERENCED TO Veg 


Figure 1d. Typical On Resistance, Vcc — VEE =9.0 V 






PLOTTER 


MINI COMPUTER 


DEVICE 
UNDER TEST 


>.< 


oN 














PROGRAMMABLE 
POWER 
SUPPLY 





DC ANALYZER 










Figure 2. On Resistance Test Set-Up 
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Figure 3. Maximum Off Channel Leakage Current, Figure 4. Maximum On Channel Leakage Current, 
Any One Channel, Test Set-Up Test Set-Up 








5 10 dB , 10 dB 
fino METER METER 
VEE 
* Includes all probe and ji it : 
te OA epg * Includes all probe and jig capacitance. 
Figure 5. Maximum On-Channel Bandwidth Figure 6. Off-Channel Feedthrough Isolation, 
Test Set-Up Test Set-Up 
TEST 








ANALOG IN 
GND 








'PLH 





ANALOG OUT 


a CONTROL 


* Includes all probe and jig capacitance. 


Figure 7. Feedthrough Noise, Control to Analog Out, Figure 8. Propagation Delays, Analog in to Analog Out 
Test Set-Up 
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tr tf 
ENABLE ann —a) Vec 
50% 
TEST CONTROL GND 
: t t 
POINT PZL PLZ HIGH 
50 pF* IMPEDANCE 
I 50% 
10% 
V —— VoL 
ut ANALOG 
OUT 
90% ——YoH 
50% 
HIGH 
*includes all probe and jig capacitance. IMPEDANCE 
Figure 9. Propagation Delay Test Set-Up Figure 10. Propagation Delay, ON/OFF Control 
to Analog Out 
POSITION (7)WHEN TESTING tpyz AND tpzy Vis 
™ POSITION (2)WHEN TESTING tpy7 AND tpz, ; 
fin o- 
V 
ue 0.1 pF AL 
TEST 
POINT 
TEST 
POINT 
SELECTED 
CONTROL 
INPUT = 
VeeV te 
* Includes all prope and jig capacitance. *Iincludes all probe and jig capacitance. 
Figure 11. Propagation Delay Test Set-Up Figure 12. Crosstalk Between Any Two Switches, 
Test Set-Up (Adjacent Channels Used) 
T0 
9 DISTORTION 
METER 
NIC NIC 
VEE 
ee i as * Includes all probe and jig capacitance. 
Figure 13. Power Dissipation Capacitance Test Set-Up Figure 14. Total Harmonic Distortion, Test Set-Up 





MOTOROLA HIGH-SPEED CMOS LOGIC DATA 
5-510 


MC54/74HC4316 


- 10 
~ 20 
~ 30 
~ 40 


Biv 
BY 


\ 


~ 60 


FUNDAMENTAL FREQUENCY ey yh 
ee ee 


ee 





FREQUENCY (kHz) 


Figure 15. Plot, Harmonic Distortion 


APPLICATION INFORMATION 


The Enable and Control pins should be at Vcc or GND logic 
levels, Vcc being recognized as logic high and GND being 
recognized as a logic low. Unused analog inputs/outputs may 
be left floating (not connected). However, it is advisable to 
tie unused analog inputs and outputs to Vcc or Veg through 
a low value resistor. This minimizes crosstalk and feedthrough 
noise that may be picked up by the unused I/O pins. 

The maximum analog voltage swings are determined by the . 
supply voltages Vcc and Veer. The positive peak analog volt- 
age should not exceed Vcc. Similarly, the negative peak an- 
alog voltage should not go below Ver. In the example below, 


+6V— 
ANALOG 1/0 


-~6V— 
+6V 


-6V 









the difference between Vcc and Veg is twelve volts. There- 
fore, using the configuration in Figure 16, a maximum analog 
signal of twelve volts peak-to-peak can be controlled. 


When voltage transients above Vcc and/or below Veg are 
anticipated on the analog channels, external diodes (Dx) are 
recommended as shown in Figure 17. These diodes should be 
small signal, fast turn-on types able to absorb the maximum 
anticipated current surges during clipping. An alternate 
method would be to replace the Dx diodes with MOesorbs 
(Motorola high current surge protectors). MOesorbs are fast 
turn-on devices ideally suited for precise dc protection with 
no inherent wear out mechanism. 


Vec=6 V 
—+6V 
ANALOG O/| 


—-6V 


INPUTS 


en CONTROL 
(ec OR GND) 





ENABLE CONTROL 
INPUTS 
(Vcc OR GND) 





Figure 17. Transient Suppressor Application 





Ne ee a eg ed ee ste oe ee cw ee Dn ae 
MOTOROLA HIGH-SPEED CMOS LOGIC DATA | 
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Vec=5 V 















ANALOG 
SIGNALS 


ANALOG 
a 


i maa, 
\neenygene/ 


HC4316 
Veg = 0 
TO: -6V 
ENABLE 
AND 

CONTROL 9 
INPUTS 


8 





R*¥ =2 TO 10 kQ 


a. Using Pull-Up Resistors 


+5V 













ANALOG ANALOG 
SIGNALS SIGNALS 
HC4316 
Vep=0 


LSTTL/ en 


NMOS 






CONTROL 
INPUTS 


b. Using HCT Buffer 


- Figure 18. LSTTL/NMOS to HCMOS Interface 










12 V 
POWER 
SUPPLY 


Veg =12 V 


GND=6 V © 


Ver=0V 







Ry =R2 Vec 
ANALOG R3 
INPUT 


ry SIGNAL 
‘. PP ——_| 


C 






CHANNEL 4 









= 
ITCH 


1 OF 4 ne 
SWITCHES at 


1 2 3 4 
CONTROL INPUTS 


CHANNEL 3 





COMMON 1/0 
CHANNEL 2 


CHANNEL 1 


Figure 20. 4-Input Multiplexer 


ANALOG 
OUTPUT 
1 OF 4 SIGNAL 


SWITCHES 





ge 12 V 
0 


Figure 19. Switching a 0-to-12 V Signal Using a 
Single Power Supply (GND +0 V) 





OUTPUT 






1 OF 4 


INPUT SWITCHES 







LF356 OR 
EQUIVALENT 
0.01 pF 


| 


Figure 21. Sample/Hold Amplifier 
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a SEMICONDUCTOR 


MOTOROLA 
TECHNICAL DATA 


Advance Information 


Analog Multiplexers/ 
Demultiplexers with 


Address Latch 
High-Performance Silicon-Gate CMOS 


The MC54/74HC4351, MC54/74HC4352, and MC54/74HC4353 utilize silicon-gate 
CMOS technology to achieve fast propagation delays, low ON resistances, and low 
OFF leakage currents. These analog multiplexers/demultiplexers control analog volt- 
ages that may vary across the complete power supply range (from Vcc to Vee). 

The Channel-Select inputs determine which one of the Analog Inputs/Outputs is to 
be connected, by means of an analog switch, to the Common Output/Input. The 
data at the Channel-Select inputs may be latched by using the active-low Latch 
Enable pin. When Latch Enable is high, the latch is transparent. When either Enable 1 
(active low) or Enable 2 (active high) is inactive, all analog switches are turned off. 

The Channel-Select and Enable inputs are compatible with standard CMOS out- 
puts; with pullup resistors, they are compatible with LSTTL outputs. 

These devices have been designed so that the ON resistance (Ron) is more linear 
over input voltage than Ron of metal-gate CMOS analog switches. 

For multiplexers/demultiplexers without latches, see the HC4051, HC4052, and 
HC4053. 


Fast Switching and Propagation Speeds 

Low Crosstalk Between Switches 

Diode Protection on All Inputs/Outputs 

Analog Power Supply Range (Vcc — Veg) =2.0 to 12.0 V 

Digital (Control) Power Supply Range (Vcc — GND) =2.0 to 6.0 V 

Improved Linearity and Lower ON Resistance than Metal-Gate Types 

Low Noise 

In Compliance with the Requirements Defined by JEDEC Standard No. 7A 

Chip Complexity: HC4351—222 FETs or 55.5 Equivalent Gates 
HC4352— 188 FETs or 47 Equivalent Gates 
HC4353— 186 FETs or 46.5 Equivalent Gates 


LOGIC DIAGRAM 
MC54/74HC4351 
_Single-Pole, 8-Position Plus Common Off and Address Latch 





ANALOG MULTIPLEXER/ 4 y COMMON 
INPUTS/OUTPUTS DEMULTIPLEXER | OUTPUT/INPUT 
; 15 
CHANNEL-SELECT 3 3 peti 
INPUTS ¢ 2] Late PIN 20=Vec 
PIN 9=VeF 
_ 11 PIN 10 = GND 
LATCH ENABLE ; PINS 3, 14=NC 
SWITCH ENABLE 1 3 
ENABLES } ENABLE 2 





MiC54/74HC4351 
NMIC54/74HC4352 
MC54/74HC4353 


J SUFFIX 
CERAMIC 


N 
+ ll CASE 732-03 
20 
1 
20 ) 
1 
1 


N SUFFIX 
PLASTIC 
CASE 738-03 





DW SUFFIX 
SOIC 
CASE 751D-03 


ORDERING INFORMATION 
MC74HCXXXXN Plastic 
MC54HCXXXXJ Ceramic 
MC74HCXXXXDW ~~ SOIC 

Ta = —55° to 125°C for all packages. 
Dimensions in Chapter 6. 





PIN ASSIGNMENT 
MC54/74HC4351 










11 LATCH 
ENABLE 


NC =NO CONNECTION 


FUNCTION TABLE 


MC54/74HC4351 


Control Inputs 












ON 
Select Channel 
a erenate 











<X—Mrrrrresrec 
<M Lopez L 
<X<XEEDEIrecre 
<XKXDEerrrIorer 
<X<XEDr Drier te 


X=don’t care 

*When Latch Enable is low, the Channel 
Selection is latched and the Channel Address 
Latch does not change states. 


This document contains information on a new product. Specifications and information herein are subject to change without notice. 
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MC64/74HC4352 


Double-Pole, 4-Position Plus Common Off and Address Latch 


BLOCK DIAGRAM 









PIN ASSIGNMENT 



























Yor Vec 
Y2 X2 
xo—8 NC XI 
. Y X 
x; 18 a v3 XO 
x2 18 X SWITCH X Ye) X3 
Tt x3 ENABLE 2 A 
ANALOG J. = COMMON, Vee B 
INPUTS/OUTPUTS 1 OUTPUT/INPUT GND 10 11 LATCH - 
YO ENABLE 
w— 4 NC =NO CONNECTION 
a Y SWITCH | Y 
Y2— 
3 5 FUNCTION TABLE 
ie 
13 
CHANNEL-SELECT § A pele pet Channel 
INPUTS } p—!2 og | | 1 2] 8B A (LE =H)* 
LATCH ° L 
J 
LATCH ENABLE! Voc = PIN 20 7 
Ver = PIN 9 
7 EE= H 
SWITCH § ENABLE 1 GND =PIN 10 X 
ENABLES } enapie 2% NC =PINS 3,14 X 
X= Don’t Care 
*When Latch Enable is low, the Channel 
Selection is latched and the Channel Address 
Latch does not change states. 
MC54/74H.C4353 


Triple Single-Pole, Double-Position Plus Common Off and Address Latch 


BLOCK DIAGRAM 





xo —o . 
17 a 
x1 | X SWITCH X 
ANALOG § YO y SWITCH 19_y § COMMON 
INPUTSIOUTPUTS Jy, —1 OUTPUT/INPUT 
5 
Z SWITCH Z 
,t5f 
CHANNEL-SELECT J 13.| Chawice 
iis ADDRESS 
cl2] LATCH 
LATCH ENABLE —! Voc =PIN 20 
7 Veg =PIN 9 
SWITCH § ENABLE 1 : GND =PIN 10 
ENABLES } enapie 2 -© NC =PINS 3,14 


NOTE: 
This device allows independent control of each switch. Channel-Select 
Input A controls the X Switch, Input B controls the Y Switch, and 
Input C controls the Z Switch. 





PIN ASSIGNMENT 
Yidie Vcc 
YO Y 
NC X 
21 176 X1 
Z XO 
z0 A 
ENABLE 16 NC 
ENABLE 2 13P B 
VEE c 
GND 10 119 LATCH 


ENABLE 
NC =NO CONNECTION 


FUNCTION TABLE 


7 
on 


(LE =H)* 


ge 5 FS TB Ws MS Kh 
xx<XEDEEIerererer 
<xx<XEICOCLIerere 
> oe a eee 2 oe OS ed 


L 
Lu 
a 
L 
L 
L 
L 
L 
H 
Xx 





X= Don’t Care 

*When Latch Enable is low, the Channel 
Selection is latched and the Channel Address 
Latch does not change states. 
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MAXIMUM RATINGS* 


Symbol 
Vcc _ | Positive DC Supply Voltage (Ref. to GND) —0.5 to +7.0 
(Ref. to Veg) —0.5 to 14.0 


VEE | Negative DC Supply Voltage (Ref. to GND) -7.0t0 +05 | V | 
V SV 













This device contains protection circuitry 
to guard against damage due to high static 
voltages or electric fields. However, 
precautions must be taken to avoid 
applications of any voltage higher than 
maximum rated voltages to this high- 
impedance circuit. For proper operation, Vin 
and Voyt should be constrained to the 
ranges indicated in the Recommended 
Operating Conditions. 

Unused digital input pins must be tied to 
an appropriate logic voltage level (e.g., 
either GND or Vcc). Unused Analog 1/0 


ie 


s__ | Analog Input Voltage VegE—0.5 to Vcc + 0.5 
in | Digital Input Voltage (Ref. to GND) -1.5 to Vec+1.5 
DC Current Into or Out of Any Pin P25 mA 
Power Dissipation in Still Air 
Plastic or Ceramic DIPt 750 
SOIC Packaget 500 


Tsig_{ Storage Temperature 


TL Lead Temperature, 1 mm from Case for 





10 Seconds (Plastic DIP or SOIC Package) | 260 pins may be left open or terminated. See 
(Ceramic DIP) 300 Applications Information. 





* Maximum Ratings are those values beyond which damage to the device may occur. 
Functional operation should be restricted to the Recommended Operating Conditions. 
tPower Dissipation Temperature Derating: 
Plastic ‘‘N’’ Package: — 10 mW/°C from 65° to 85°C 
Ceramic “J’’ Package: — 10 mW/°C from 100° to 125°C 
SOIC “D” Package: —7 mW/°C from 65° to 85°C 


RECOMMENDED OPERATING CONDITIONS 


| Symbol | Parametor | Min | Max | Unit _| 


(Ref. to Veg) | 2.0 12.0 
| Vee __| Negative DC Supply Voltage (Ref. to GND) | -60 | GND | Vv __ 
| Vin _| Digital input Voltage (Ref. to GND) | GND_|_ Vcc | Vv 
| _Vio* _| Static or Dynamic Voltage Across Switch | — | 1.2 
| _Ta__| Operating Temperature, All Package Types | 55 | +125 | °C _| 


Input Rise and Fall Time, Vcc =2.0 V 1000 
500 
400 


Channel Select or Enable Vcc =4.5 V 
Inputs (Figure 9a) Vcc =6.0 V 
* For voltage drops across the switch greater than 1.2 V (switch on), excessive Vcc current 
may be drawn; i.e., the current out of the switch may contain both Vcc and switch 
input components. The reliability of the device will be unaffected unless the Maximum 
Ratings are exceeded. 













































Test Conditions 









DC ELECTRICAL CHARACTERISTICS Digital Section (Voltages Referenced to GND) Veg = GND, Except Where Noted 
Ron= Per Spec ; Vv 
Voltage, Channel-Select or 4.5 
6.0 
Maximum Input Leakage Current, | Vin=Vcc or GND, Veg= —6.0 V +0.1 +1.0 | +1.0 pA 
Channel-Select or Enable Inputs 
Icc 


Symbol Parameter Be 25°C to ° y 
_55°C =85°C | <125°C 
VIH Minimum High-Level Input 2.0 
Enable Inputs 
VIL Maximum Low-Level Input Ron= Per Spec 2.0 V 
Voltage, Channel-Select or 4.5 
Enable Inputs 6.0 
Maximum Quiescent Supply Channel Select= Vcc or GND pA 
Current (per Package) Enables = Vcc or GND 
Vis=Vcc or GND 
Vio=0V VeE=GND;} 6.0 2 20 40 
VeE=—6.0} 6.0 8 80 160 
NOTE: Information on typical parametric values can be found in Chapter 4. 
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DC ELECTRICAL CHARACTERISTICS Analog Section 


freon) teen 


Maximum ‘‘ON’’ Resistance 


Maximum Difference in “ON” 
Resistance Between Any Two Channels 
in the Same Package 


Maximum Off-Channel Leakage 
Current, Any One Channel 


Maximum Off-Channel Leakage 
Current, Common Channel 


Test Conditions 


Vin= Vit or Vi 

Vis=Vcc to VEE ne ae 
Ig $2.0 mA (Figures 1, 2) 6.0 | —6.0 
Vin= VIL or Vir 

Vis =Vcc or Veg (Endpoints) 

Ig $2.0 mA (Figures 1, 2) 

Vin= VIL or VI 

Vis = 1/2 (Voc Vee) 

Ig s2.0mA 

Vin= VIL or Vi 

Vio=Vcc-VEE 

Switch Off (Figure 3) 

Vin= VIL or VIH 

Vio=Vec— VEE 


| Guaranteed Limit | Limit 


a 
100 
150 
100 


i 
125 


190 
125 
100 


6 


a 
140 


230 
140 
115 





HC4351 | Switch Off (Figure 4) 
HC4352 
HC4353 


Maximum On-Channel Leakage 
Current, Channel to Channel 


Vin= Vit oF Vit 
Switch to Switch = Vcc — Veg 
HC4351 | (Figure 5) 


HC4352 
HC4353 


AC ELECTRICAL CHARACTERISTICS (C;_ =50 pF, Input tp =ts=6 ns) 
' | ss Guaranteed Limit | Limit 
Symbol Parameter vi 25°C to asec: 
-5e°c | = 
tpLH. | Maximum Propagation Delay, Channel-Select to Analog Output 370 550 
tPHL (Figure 9) . a A 
tpLH, | Maximum Propagation Delay, Analog Input to Analog Output 
tPHL (Figure 10) . 
15 
tpLH, | Maximum Propagation Delay, Latch Enable to Analog Output 410 485 
tpHL | (Figure 12) 82 97 
70 82 
tpLz, | Maximum Propagation Delay, Enable 1 or 2 to Analog Output 290 365 435 
tpHZ (Figure 11) je be 87 
74 
345 m4 515 
. i 
a 


tpz_, | Maximum Propagation Delay, Enable 1 or 2 to Analog Output 











tpZH (Figure 11) 


Maximum Input Capacitance a 


Maximum Capacitance Analog I/O | Enable 1=Vjy, Enable 2= Vi, 


Common O/I: HC4351 
HC4352 
HC4353 


Feedthrough 






















NOTES: 
1. For propagation delays with loads other than 50 pF, see Chapter 4. 
2. Information on typical parametric values can be found in Chapter 4. 


Power Dissipation Capacitance (Per Package) (Figure 14) 
Used to determine the no-load dynamic power consumption: 
Pp=Cpp Vecf+Icc Vcc 

For load considerations, see Chapter 4. 


Typical @ 25°C, Ve =5.0 V 


45 (HC4351) 
80 (HC4352) 
45 (HC4353) 
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TIMING REQUIREMENTS (input t,=t¢=6 ns) 


7 | Guaranteed Limit | Limit 
- 
bol P t 
Minimum Setup Time, Channel-Select to Latch Enable oe 
(Figure 12) ae oe 
‘ a 















Minimum Hold Time, Latch Enable to Channel Select 
(Figure 12) 


Minimum Pulse Width, Latch Enable 
(Figure 12) 





Maximum Input Rise and Fall Times, Channel-Select, Latch Enable, 
and Enables 1 and 2 


NOTE: Information on typical parametric values can be found in Chapter 4. 


ADDITIONAL APPLICATION CHARACTERISTICS (GND =0.0 V) 


Maximum On-Channel Bandwidth or fin = 1 MHz Sine Wave 
Minimum Frequency Response Adjust fj, Voltage to Obtain 0 dBm at Vos 
(Figure 6) Increase fj, Frequency Until dB Meter : , 80 95 120 
Reads —3 dB : : 80 95 120 
Ry =50 2, C_L=10 pF] 6. : 80 95 120 


Off-Channel Feedthrough Isolation fin = Sine Wave 
(Figure 7) Adjust fi, Voltage to Obtain 0 dBm at Vis 
fin = 10 kHz, Ry = 600 0, C, =50 pF 


fin = 1.0 MHz, Ry =50 Q, Cy = 10 pF 


Feedthrough Noise, Channel Select Input | Vj, <1 MHz Square Wave 
to Common O/I (tp = t¢=6 ns) 
(Figure 8) Adjust Ri at Setup so that I5 =0 A 


Enable = GND 
R; =600 0, Cy =50 pF 


Ry, = 10 kQ, Cy = 10 pF 


Crosstalk Between Any Two Switches | fi, = Sine Wave | 
(Figure 13) Adjust fj, Voltage to Obtain 0 dBm at Vis 
(Test does not apply to HC4351) fin = 10 kHz, Ry =600 2, CL =50 pF 


fin=1 MHz, RL =50 Q, C, =10 pF 


Total Harmonic Distortion fjn=1 kHz, Ry = 10 kQ, Cy, =50 pF 
(Figure 15) THD = THDMeasured ~ THDSource 
Vis =4.0 Vpp sine wave 
Vis =8.0 Vpp sine wave 
Vis =11.0 Vpp sine wave 





*Limits not tested. Determined by design and verified by qualification. 
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Ron, ON RESISTANCE (OHMS) 


MC54/74HC4351eM C54/74HC4352e MC54/74HC4353 






BERRA 
LEE PAT ES 
Ne. 125°C 
A) SS 
Se 
Z| 









Ron ON RESISTANCE (OHMS) 
a 


Vig, INPUT VOLTAGE (VOLTS), REFERENCED TO Veg 


Figure 1a. Typical On Resistance, Vcc — VEE =2.0 V 







BE 
Fes ae oe oe 


0 05 10 15 20 25 30 35 40 45 5.0 55 60 
Vig, INPUT VOLTAGE (VOLTS), REFERENCED TO Veg 


Ron ON RESISTANCE (OHMS) 
co 
SoS 


Figure 1c. Typical On Resistance, Vcc — Veg =6.0 V 


Vyg, INPUT VOLTAGE (VOLTS), REFERENCED TO Ver 


Figure 1e. Typical On Resistance, Vcc — VEE = 12.0 V 


Ron: ON RESISTANCE (OHMS) 





Ron ON RESISTANCE (OHMS) 








0 05 10 #15 20 25 30 35 40 45 
Vis, INPUT VOLTAGE (VOLTS), REFERENCED TO Ver 


Figure 1b. Typical On Resistance, Vcc — VEE =4.5 V 





0 10 20 30 40 50 60 7.0 80 90 
Vg, INPUT VOLTAGE (VOLTS), REFERENCED TO Veg 


Figure 1d. Typical On Resistance, Vcc —- VEE =9.0 V 








PLOTTER | 
| MINI COMPUTER 


DEVICE 
UNDER TEST 








| PROGRAMMABLE 
POWER 
SUPPLY 





DC ANALYZER j; 












VEE 


Figure 2. On Resistance Test Set-Up 
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vec4 5. ) COMMON OI 





Figure 3. Maximum Off Channel Leakage Current, Figure 4. Maximum Off Channel Leakage Current, 
Any One Channel, Test Set-Up Common Channel, Test Set-Up 





Oo NC 
VEE COMMON O/l 
vec 4 7 
* includes all probe and jig capacitance. 
Figure 5. Maximum On Channel Leakage Current, Figure 6. Maximum On-Channel Bandwidth 
Channel to Channel, Test Set-Up Test Set-Up 









ANALOG 1/0 





Vin 1 MHz 
ty = tp=6 ns 


a gee 
GND 


* includes all probe and jig capacitance. 





CHANNEL SELECT 
*Includes all probe and jig capacitance. 


Figure 7. Off-Channel Feedthrough Isolation, Figure 8. Feedthrough Noise, Channel Select to 
Test Set-Up Common Out, Test Set-Up 
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'PLH 


ANALOG OUT 50% 





CHANNEL SELECT 
*includes all probe and jig capacitance. 


Figure 9a. Propagation Delays, Channel Select to : i 
Analog Out | Figure 9b. Propagation Delay, Test Set-Up Channel Select 


to Analog Out 











ANALOG IN 


'PLH 


ANALOG OUT - 





* Includes all probe and jig capacitance. 


Figure 10a. Propagation Delays, Analog In to 
Analog Out Figure 10b. Propagation Delay, Test Set-Up 


Analog In to Analog Out 


POSITION ie TESTING tpyz AND tpzy 


Vec = POSITION (4 WHEN TESTING tpy7 AND tpz, 








ENABLE 


tPZL tPLZ 


= GND 






. TEST 
POINT 


HIGH 
IMPEDANCE 


ANALOG 
OUT 
— VoL 

mae LL ee 
ANALOG: 

OUT HIGH & 

IMPEDANCE he 
* Includes all probe and jig capacitance. 
Figure 11a. Propagation Delay, Enable 1 or 2 to Figure 11b. Propagation Delay, Test Set-Up 


Analog Out Enable to Analog Out 
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| een Sait en 
CHANNEL . ue 
SELECT | : 
} : ON/OFF i 


— GND 





ANALOG 1/0 
ate <— tt —y OFFION POINT 
LATCH 90% a OFFION 
ENABLE 2* wel 
—— GND 
ty - 
COMMON Ol > - 50% = LATCH ENABLE 
*PLH: | 
tpHL CHANNEL SELECT 
*Latch Enable 1 is a similar waveform except the Latch Enable * Includes all probe and jig capacitance. 
waveform is inverted. 
Figure 12a. Propagation Delay, Latch Enable to Figure 12b. Propagation Delay, Test Set-Up 


Analog Out Latch Enable to Analog Out 


Vec 






Vec4 






ANALOG 1/0 ONC 


COMMON O/| 





Vcc # 
Vec 
*Includes all probe and jig capacitance. | | | | 
CHANNEL SELECT 
Figure 13. Crosstalk Between Any Two Switches, 
Test Set-Up Figure 14. Power Dissipation Capacitance, Test Set-Up 








T0 
© DISTORTION 
METER 
Includes all probe and jig capacitance. 10 20 3.125 
FREQUENCY (kHz) 
Figure 15a. Total Harmonic Distortion, Test Set-Up Figure 15b. Plot, Harmonic Distortion 
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APPLICATIONS INFORMATION 


The Channel Select and Enable control pins should be at 
Vcc or GND logic levels. Vcc being recognized as a logic 
high and GND being recognized as a logic low. In this example: 

Vcc= +5 V=logic high 
GND =0 V= logic low 

The maximum analog voltage swings are determined by the 
supply voltages Vcc and Veg. The positive peak analog volt- 
age should not exceed Vcc. Similarly, the negative peak an- 
alog voltage should not go below V_g. In this example, the 
difference between Vcc and V_f is ten volts. Therefore, using 
the configuration in Figure 16, a maximum analog signal of 
ten volts peak-to-peak can be controlled. Unused analog in- 










+5V— yey 
-~-5V— —-5V 
BY TO EXTERNAL CMOS 
CIRCUITRY 
0 TO 5 V DIGITAL 
SIGNALS 
—5V 
Figure 17. External Germanium or Schottky Clipping 
Figure 16. Application Example Diodes 
+5V 
+5V— +O V 
ANALOG : 
SIGNAL aa sey 
Ver — ANALOG 
EE , SIGNAL | ON/OFF 
Vec 7 : 7: ; Vec 4 
| LSTTLINMOS | LSTTL/NMOS 
CIRCUITRY CIRCUITRY 
VEE VEE W 


(a) USING PULL-UP RESISTORS 


puts/outputs may be left floating (i.e., not connected). How- 
ever, tying unused analog inputs and outputs to Vcc or GND 
through a low value resistor helps minimize crosstalk and 
feedthrough noise that may be picked up by an unused switch. 

Although used here, balanced supplies are not a require- 
ment. The only constraints on the power supplies are that: 

Vcc — GND =2 to 6 volts 
VeE—-GND=0 to —6 volts 
Vcc —VEE=2 to 12 volts 
and Veg <GND 

When voltage transients above Vcc and/or below VEE are 
anticipated on the analog channels, external Germanium or 
Schottky diodes (Dx) are recommended as shown in Figure 
17. These diodes should be able to absorb the maximum an- 
ticipated current surges during clipping. 



















| BUFFER | 


(b) USING HCT INTERFACE 


Figure 18. Interfacing LSTTL/NMOS to CMOS Inputs 
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FUNCTION DIAGRAM HC4351 
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LATCH 11 | we) 8 
ENaBle~—L->-“*+| THe 1> et tH 
7 ° 
crane ieeeeetr= 
TOD HE 
| 4 
FUNCTION DIAGRAM HC4352 
13 LATCH & . 1 16 
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=< 
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=< 
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=< 
no 


X3 


YO 


Y1 





MC54/74HC4351°MC54/74HC4352° MC54/74HC4353 


FUNCTION DIAGRAM HC4353 


“15 LATCH & —O 
A 50-1 > ever SHIFTER oe 


:— [o> prong ee 
cn i 

ace a ee 
MATCH WS Lie ee 






X0 


Rea 
ae Su 
Vv V 
Bl Is 


oe 
\ 
co 


Eee 
was 
7 
Bly 


o 


ae ae 
Uae 
VY VY 
WY IY 
op Iie 


i’ 
oa ao 


ENABLE 


7 

ENABLE 1 —0 s LEVEL SHIFTER of > 
. 8 . : } 

ENABLE 2 & : 
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NMiC54/74HC4511 


BCD-to-Seven-Segment Latch/ 


. , ee J SUFFIX 
Decoder/Display Driver Hy CERAMIC 
High-Performance Silicon-Gate CMOS penne 

The MC54/74HC4511 is identical in pinout to the MC14511 metal-gate CMOS de- N SUFFIX 
coder/driver. The device inputs are compatible with standard CMOS outputs; with PLASTIC 
pullup resistors, they are compatible with LSTTL outputs. CASE 648-08 

The HC4511 provides the functions of a 4-bit storage latch, a BCD-to-seven-seg- 
ment decoder, and a display driver. It can be used either directly or indirectly with 
seven-segment light-emitting diode (LED), incandescent, fluorescent, gas discharge, D SUFFIX 
or liquid-crystal readouts. Lamp test (LT), blanking (BI), and latch enable (LE) inputs ; J SOIC 


are used to test the display, to turn off or pulse modulate the brightness of the a CASE 751B-03 
display, and to store a BCD code, respectively. 


High Noise Immunity Characteristic of CMOS Devices TA = —55° to 125°C for all packages. 
In Compliance with the Requirements Defined by JEDEC Standard No. 7A Dimensions in Chapter 6. 
Chip Complexity: 264 FETs or 66 Equivalent Gates 





@ Latch Storage of BCD Inputs 
® Blanking Input ORDERING INFORMATION 
@ Lamp Test Input 
@ Output Drive Capability: 10 LSTTL Loads MC74HCXXXXN Plastic 
© Outputs Directly Interface to CMOS, NMOS, and TTL MC54HCXXXXJ Ceramic 
® Operating Voltage Range: 2 to 6 V MC74HCXXXXD —s SOIC © 
@ Low Input Current: 1 nA 
© 
© 
e 


PIN ASSIGNMENT 


LOGIC DIAGRAM 





A (LSB) a 
| b 
0 B 4.BIT aa SEVEN- 
| C TRANSPARENT ¢ | SEGMENT 
D (MSB) ae CONTR a (eentesly 
DRIVER 
@ | gUuTPUTS 
f 
; nd 
7 | Ql Js 
8 i / c 
LE d 
CONTROL 
a _—_— 
Nes Slb| NaS 
PIN 16=Voc 
PIN 8 = GND 
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MAXIMUM RATINGS* 


[Sm [Par vam [a 
[vce _[B¢ Supply Vonage (Referenced io GND) ‘| -osw 470] v_| 
i TY RE 
[ing | Coupe aren arm [aes a 
[icc | B¢ Supply Curent, Voc and GND Pema 


Power Dissipation in Still Air, Plastic or Ceramic DIPt 7a mW 
SOIC Packaget 
Storage Temperature 65 to +150 a 


Lead Temperature, 1 mm from Case for 10 Seconds 
(Plastic DIP or SOIC Package) 
(Ceramic DIP) 


_ *Maximum Ratings are those values beyond which damage to the device may occur. 
Functional operation should be restricted to the Recommended Operating Conditions. 
tDerating — Plastic DIP: —10 mW/°C from 65° to 125°C 
Ceramic DIP: —10 mW/°C from 100° to 125°C 
SOIC Package: —7 mW/°C from 65° to 125°C 
For high frequency or heavy load considerations, see Chapter 4. 






























This device contains protection 
circuitry to guard against damage 
due to high static voltages or electric 
fields. However, precautions must 

. be taken to avoid applications of any |. 
voltage higher than maximum rated 
voltages to this high-impedance 

circuit. For proper operation, Vj, and 

Vout should be constrained to the. 

range GND <(Vjn or Vout) = Vcc: 

Unused inputs must always be tied 
to an appropriate logic voltage level 

(e.g., either GND or Vcc). Unused 

outputs must be left open. 






RECOMMENDED OPERATING CONDITIONS 


[symboi[ Parameter SS*Y Min «| Max | Unit 
vce _[ Be Supply Vonage (Referenced to GND) ——~=~=~‘irtSC 8 | 
VinVout [DC Input Votage, Output Voge (Referenced to GND) | 0 | Veo | Vv 
[Ta [Operating Temperature, All Package Types «| —-e8 | +128 | °C 


Input Rise and Fall Time 
(Figure 3) 













DC ELECTRICAL CHARACTERISTICS (Voltages Referenced to GND) 


7 | Guaranteed Limit | Limit 
Symbol Parameter Test Conditions i 25°C to 
‘ =85°C | <125°C 
-55°C 
VIH 


Minimum High-Level Input Vout =0.1 V or Vcc -0.1 V 
Voltage llout| $20 pA 


Maximum Low-Level Input Vout=0.1 V or Vec—-0.1 V 
Voltage llout| $20 pA 


Maximum Low-Level Output Vin = Vin or VIL 
Voltage llout| $20 pA 


Vin =Viy or VIL llout| <=4.0 mA 


| lin | Maximum Input Leakage Current | Vin =Vcc or GND | 6.0 | 


lec Maximum Quiescent Supply Vin=Vcc or GND 
Current (per Package) lout =9 vA 


NOTE: Information on typical parametric values can be found in Chapter 4. 


VoH | Minimum High-Level Output Vin = Vin or Vit 
Voltage llout| $20 pA 
| Vin = ViH or VIL llout| <6.0 mA 
lout =7.8 mA 
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AC ELECTRICAL CHARACTERISTICS (C; =50 pF, Input t;=tf=6 ns) 


Symbol Parameter 

tpLH, | Maximum Propagation Delay, Input A, B, C, or D to Output 900 
tPHL (Figures 1 and 6) : 180 

; 153 

tpLH, | Maximum Propagation Delay, Latch Enable to Output 3 750 900 
tPHL (Figures 2 and 6) : 180 

é 153 

750 900 


Maximum Propagation Delay, Blanking Input to Output 
(Figures 3 and 6) 


tpLH, | Maximum Propagation Delay, Lamp Test to Output 
tPHL (Figures 4 and 6) 

tTLH, | Maximum Output Transition Time, Any Output 
tTHL (Figures 3 and 6) 


Maximum Input Capacitance 


NOTES: 
1. For propagation delays with loads other than 50 pF, see Chapter 4. 
2. Information on typical parametric values can be found in Chapter 4. 


Power Dissipation Capacitance (Per Package) Typical @ 25°C, Vcc =5.0 V 


Used to determine the no-load dynamic power consumption: 


Pp=Cpp Vcc2f+icc Vcc 70 
For load considerations, see Chapter 4. 








TIMING REQUIREMENTS (input t,=t¢=6 ns) 


Parameter 


Minimum Setup Time, Input A, B, C, or D to Latch Enable : 100 125 
(Figure 5) ‘ 20 25 
17 21 


; 
Minimum Hold Time, Latch Enable to Input A, B, C, or D : 3 


(Figure 5) 


150 
30 
Minimum Pulse Width, Latch Enable . 120 
(Figure 2) : 24 
: 20 
Maximum Input Rise and Fall Times ; 1000 
(Figure 3) F 500 
: 400 


NOTE: Information on typical parametric values can be found in Chapter 4. 
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SWITCHING WAVEFORMS 


Voc 
Input LE 

GND 
Any 
Output 





Figure 1. Figure 2. 


Vcc 
9 
Input BI 20% 
—— GND 
Any 
Output 





Figure 3. Figure 4. 








Test Point 
oe \V C O 
Input c Output 
A, B, C, or D 
GND 
Cem 
——- Vcc 
Input LE 
GND . = 


* Includes all probe and jig capacitance. 


Figure 5. Figure 6. Test Circuit 
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r¢9) 


* = Depends upon th 
low level. 
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BCD code previously applied while LE was at a 


PIN DESCRIPTIONS 


INPUTS 

A, B, C, D (PINS 7, 1, 2, 6) — BCD inputs. A (pin 7) is the 
least significant bit and D (pin 6) is the most significant bit. 
Hexadecimal code A-F at these inputs causes the outputs to 
assume a low level, offering an alternate method of blanking 
the display. 


OUTPUTS 

a,b, c,d, e, f, g (PINS 13, 12, 11, 10, 9, 15, 14) — Decoded, 
buffered seven-segment display-driver outputs. These out- 
puts, unlike the MC14511, have CMOS drivers, which produce 
typical CMOS output voltage levels. These outputs are con- 
nected to various displays as shown in Figure 7. 


CONTROL INPUTS 

BI (PIN 4) — Active-low display blanking input. A low level 
on this input will cause all outputs to be held low, thereby 
blanking the display. LT is the only input that overrides the BI 
input. 

LT (PIN 3) — Active-low lamp test. A low level on this input 
causes all outputs to assume a high level. This input allows 
the user to test all segments of a display with a single control 
input. This input is independent of all other inputs. 

LE (PIN 5) — Latch enable input. This input controls the 4- 
bit transparent latch. A high level on this input latches the 
code present at the A, B, C and D inputs; a low level allows 
the code to be transmitted through the latch to the decoder. 


OUTPUT CHARACTERISTIC CURVES (Vcc =5 V) 


SOURCE CURRENT 


ig, QUTPUT SOURCE CURRENT (mA) 





Vo, OUTPUT VOLTAGE (VOLTS) 


*The expected minimum curves are not guarantees, but are design aids. 
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SINK CURRENT 


Ig, OUTPUT SINK CURRENT {mA) 





2 
Vo, OUTPUT VOLTAGE (VOLTS) 
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EXPANDED LOGIC DIAGRAM 





LE 
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Liquid-Crystal Display (LCD) Readout Incandescent Readout 


Typical Values: Output HC86 One of Seven 
ae HC4511 Segments 
T= 
Cy =0.01 pf wr’: Appropriate 


Voltage 
ee . Common 


Backplane 


LED Readout 


HC4511 
Common 


Cathode LED 


HC4511 
Output 


Gas-Discharge Readout 


Appropriate 
Voltage 


Common 
Anode LED Output 
HC4511 


HC4511 





Figure 7. Connections to Various Display Readouts 
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1-of-16 Decoder/Demultiplexer 


with Address Latch 
High-Performance Silicon-Gate CMOS 


~The MC64/74HC4514 is identical in pinout to the MC14514B metal-gate CMOS 
device. The device inputs are compatible with standard CMOS outputs; with pullup 
resistors, they are compatible with LSTTL outputs. 

This device consists of a 4-bit storage latch with a Latch Enable and Chip Select 
input. When a low signal is applied to the Latch Enable input, the Address is stored, 
and decoded. When the Chip Select input is high, all sixteen outputs are forced to a 
low level. 

The Chip Select input is provided to facilitate the chip-select, demultiplexing, and 
cascading functions. 

The demultiplexing function is accomplished by using the Address inputs to select 
the desired device output, and then by using the Chip Select as a data input. 


Output Drive Capability: 10 LSTTL Loads 

Outputs Directly Interface to CMOS, NMOS, and TTL 

Operating Voltage Range: 2 to 6 V 

Low Input Current: 1 pA 

High Noise Immunity Characteristic of CMOS Devices 

In Compliance with the Requirements Defined by JEDEC Standard No. 7A 
Chip Complexity: 268 FETs or 67 Equivalent Gates 


LOGIC DIAGRAM 







4-to-16 
Line 


Decoder Y7 § Active-High 


Yg | Outputs 


Pin 24=Vcc 
‘Pin 12= GND 


MC54/74HC4514 


J SUFFIX 
CERAMIC 
CASE 758-01 


ORDERING INFORMATION 


MC74HCXXXXN Plastic 
MC54HCXXXXJ Ceramic 


Ta = —55° to 125°C for all packages. 
Dimensions in Chapter 6. 





PIN ASSIGNMENT 





















Latch Enable 
AO 
Al 
Y7 
Y6 
Y5 
¥4 
Y3 
Y1 
Y2 
YO 








pYcc 
Chip Select 
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MAXIMUM RATINGS* 


Symbol 
V : 













This device contains protection 
circuitry to guard against damage 
due to high static voltages or electric 
fields. However, precautions must 
be taken to avoid applications of any 
voltage higher than maximum rated 
voltages to this high-impedance 
circuit. For proper operation, Vj, and 
Vout should be constrained to the 
range GND <(Vjn or Vout) = Vcc. 

Unused inputs must always be tied 
to an appropriate logic voltage level 


ie.g., eitner GND or Vcc). Unused 
| outputs must be left open. | 


v 
es 5a A OE ee 
Ice [D6 Supply Gurtent, Voc and GND Pins =O 
[Po [Power Dispatonn Stl A, Pic or Cxamio br] —__750___|_mw_| 
or 


Lead Temperature, 1 mm fram Case for 10 Seconds 
(Plastic DIP) 
(Ceramic DIP) 


* Maximum Ratings are those values beyond which damage to the device may occur. 
Functional operation should be restricted to the Recommended Operating Conditions. 
tDerating — Plastic DIP: — 10 mW/°C from 65° to 125°C 
Ceramic DIP: — 10 mW/°C from 100° to 125°C 
For high frequency or heavy load considerations, see Chapter 4. 











CC 
Vin 
Icc 







RECOMMENDED OPERATING CONDITIONS 


| Symbol | Parameter = |_“Min_ | Max | Unit 
[Vcc [BG Supply Voltage (Referenced to GND) ——~=~=“‘(;(SO*; CO] VY 
Vin Vout [DC Input Voltage, Output Voltage (Referenced to GND) | 0 | Vcc | V 
Operating Temperature, All Package Types | -55 | +125 | °c | 


tr, te | Input Rise and Fall Time 
(Figure 1) 


Symbol Parameter 


ViH Minimum High-Level Input 
Voltage 
































Test Conditions 













Vout =0.1 V or Veg —0.1 V 1.5 


lout] $20 pA 




















| Vout =0.1 V or Voc —0.1 V 
lout] $20 nA 


Maximum Low-Level Input 
Voltage 






4.5 0.9 
6.0 Te 


2.0 1.9 





V 
Vv 
V 





Guaranteed Limit 
25°C to 
_55°C <85°C | <125°C 
: 10 














Minimum High-Level Output 
Voltage 






Vin=VIH or VIL. 
Hout| $20 uA 










5 


9 
3.98 
5.48 












Houtl $4.0 mA 
Hout! $5.2 mA 


Vin=VIH or Vit. 






Vin = ViIH or ViL 
Hout] $20 pA 


Maximum Low-Level Output 
Voltage 






0.26 
0.26 









Vin=VIH oF VIL out] $4.0 m 


A 
llout| =5.2 mA . 


| lin | Maximum Input Leakage Current | Vin=Vcc or GND __ | 


lec Maximum Quiescent Supply | Vin=Vcc or GND 
Current (per Package) | lout=0 vA _ | 


NOTE: Information on typical parametric values can be found in Chapter 4. 


5.9 
3.84 
5,34 
0.33 
0.33 







+0.1 +1.0 


oaylo oo oa 
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AC ELECTRICAL CHARACTERISTICS (C; =50 pF, Input t,=t¢=6 ns) 


y | Guaranteed Limit Limit 
Symbol Parameter hi 25°C to 
° CJ 
tPLH. | Maximum Propagation Delay, Chip Select to Output Y ih 20 ns 
tPHL (Figures 1 and 5) 
a 
*PLH Maximum Propagation Delay, Input A to Output Y 2.0 290 a 
(Figures 2 and 5) 4.5 m4 58 69 
6.0 39 49 59 
tPHL 2.0 175 220 265 
Ad 53 
= 45 
tPLH | Maximum Propagation Delay, Latch Enable to Output Y 2 345 
(Figures 3 and 5) . 
. 
tPHL 2.0 = ry 
4.5 
6.0 : 
tTLH. Maximum Output Transition Time, Any Output 2.0 
tTHL (Figures 1 and 5) 4.5 
6.0 : 


le in| Maximum Input Capacitance Pe | 10. 


NOTES: 
1. For propagation delays with loads other than 50 pF, see Chapter 4. 
2. Information on typical parametric values can be found in Chapter 4. 


Power Dissipation Capacitance (Per Package) Typical @ 26°C, Vcc =6.0 V 


Used to determine the no-load dynamic power consumption: 


Pp=Cpp Vec2f+ Icc Vcc 70 
For load considerations, see Chapter 4. 
























TIMING REQUIREMENTS (input t,=t,=6 ns) 


y | —sGuaranteed Limit Limit 
oe 
Symbol Parameter ° 
y ae <86°C | <125°C 


Minimum Setup Time, Input A to Latch Enable 
(Figure 4) . 





Minimum Pulse Width, Latch Enable 
(Figure 3) 





Maximum Input Rise and Fall Times 
(Figure 1) 


Minimum Hold Time, Latch Enable to Input A 
(Figure 4) 


NOTE: Information on typical parametric values can be found in Chapter 4. 
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SWITCHING WAVEFORMS 





Chip Input A 
Select 
tPLH— 
Output Y Output Y¥ 50% 
Figure 2. 





— Vcc Vcc 
a Input A 

nable ane GND 
—= VCC 

Output Y Latch 50% 
3 Enable GND 

Figure 3. Figure 4. 
Test Point 





Output 


Cat 


i 


* Includes all probe and jig capacitance. 


Figure 5. Test Circuit 
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FUNCTION TABLE | PIN DESCRIPTIONS 
Selected ADDRESS INPUTS 
Output 












AO, Al, A2, A3 (PINS 2, 3, 21, 22) — Address Inputs. 
These inputs are decoded to produce a high level on one of 
16 outputs. The inputs are arranged such that A3 is the most- 
significant bit and AO is the least-significant bit. The decimal 
equivalent of the binary input address indicates which of the 
16 data outputs, YO-Y15, is selected. 


> 
w 


> 
o 


<x<~«<< 
zo OOD 


Latch Chip 
Enable | Select (High) _ 
H 


I 
E 





OUTPUTS 

Y0-Y15 (PINS 11, 9, 10, 8, 7, 6, 5, 4, 18, 17, 20, 19, 14, 
13, 16, 15) — Active-High Outputs. These outputs produce a 
high level when selected (Latch Enable=H, Chip Select =L) 
and are at a low level when not selected. 


CONTROL INPUTS 

LATCH ENABLE (PIN 1) — Latch Enable Input. A low level 
on this input stores the data on the Address data inputs in the 
4-bit latch. A high level on the Latch Enable input makes the 
latch transparent and allows the outputs to follow the inputs. 
Note that the data is latched only while the Latch Enable input 
is at a low level. 

CHIP SELECT (PIN 23) — Chip Select Input. A high on 
this input produces a low level on all outputs, regardless of 
what appears at the address or Latch Enable inputs. A low 
level on the Chip Select input allows the selected output to 
produce a high level. 


All 
Outputs= L 
Latched 
Data 


ee aie . nanaleeea 





TIMING DIAGRAM 


Input A 








Latch Enable 


Chip Select 


Output Y 
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EXPANDED LOGIC DIAGRAM 





Cf > spaecc 
He) > yas 
PET pe acco 
Ao 2 Data QO Ea 
=D 
8 
THE | >“! aBco 
HEHE {>Bosex 
ae fidgaz Tf 
TPL 7 ; __ 
es ie. Y7 ABCD 
0 C 5 pam, 4 
e 
= Pax 
BCD 
AQ ?1 O x oe : 1 
: Re . 
. c= 7 > “5 ABCD 
aE 
i (aie 
i ° = 7 aa 
@ 
fs as] Y11 
a3 22 Data Q — Lae Tae 
: TES, 
Latch 1 1 > 
Enable Bee a 1S ABCD 





Chip 23 - 
Select 


SS ne a eee en 
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MICROPROCESSOR MEMORY DECODING 


0000-00FF 
0100-01FF 
0200-02FF 
0300-03FF 
0400-04FF 
0500-05FF 
0600-06FF 
0700-07FF 
0800-08FF 
0900-09FF 
OA00-OAFF 
0B00-OBFF 
0C00-OCFF 
0D00-ODFF 
OE00-OEFF 
OFOO-OFFF 


Al2 


To Device Selects 


1000-10FF 
1100-11 FF 
1200-12FF 
1300-13FF 
1400-14FF 
1500-15FF 
1600-16FF 
1700-17FF 
1800-18FF 
1900-19FF 
1A00-1AFF 
1B00-1BFF 
1C00-1CFF 
1D00-1DFF 
1E00-1 EFF 
1FO0-1 FFF 





A3 
A2 
Al. 
AQ 


ae Common Cathode LEDs 


a ee ae 
pt | tT fe De. 
a. Se 
a 





Latch 
Enable 


Chip 
Select 





Ail Diodes General 
Purpose Germanium 





HC4511 


R=10k 


ae aaa Ge R=2kQ 


if 
i 
i 
if 
il 
ae 
re) 
5 
(ox) 
Oo 
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a SEMICONDUCTOR 


MOTOROLA 
TECHNICAL DATA 


Dual Precision Monostable 
Multivibrator (Retriggerable, 


Resettable) 
High-Performance Silicon-Gate CMOS 


The MC54/74HC4538 is identical in pinout to the MC14538B and the MC14528B. 
The device inputs are compatible with standard CMOS outputs; with pullup resis- 
tors, they are compatible with LSTTL outputs. 

This dual monostable multivibrator may be triggered by either the positive or the 
negative edge of an input pulse, and produces a precision output pulse over a wide 
range of pulse widths. Because the device has conditioned trigger inputs, there are 
no trigger-input rise and fall time restrictions. The output pulse width is determined 
by the external timing components, Rx and Cx. The device has a reset function 
which forces the O output low and the O output high, regardless of the state of the 
output pulse circuitry. 


@ Unlimited Rise and Fall Times Allowed on the Trigger Inputs 

@ Output Pulse Width is Independent of the Trigger Pulse Width 

@ +10% Guaranteed Pulse Width Variation from Part to Part (Using the Same 
Test Jig) 

Output Drive Capability: 10 LSTTL Loads 

Outputs Directly Interface to CMOS, NMOS, and TTL 

Operating Voltage Range: 2 to 6 V 

Low Input Current: 1 pA 

High Noise Immunity Characteristic of CMOS Devices 

In Compliance with the Requirements Defined by JEDEC Standard No. 7A 

Chip Complexity: 145 FETs or 36 Equivalent Gates 


LOGIC DIAGRAM 


TRIGGER { M1 
INPUTS } 


RESET 1 


TRIGGER f A2 

INPUTS } po 

RESET 2 
PIN 16=Vec 
PIN 8 = GND 


Ry AND Cy ARE EXTERNAL COMPONENTS 
PIN 1 AND PIN 15 MUST BE HARD WIRED TO GND 





NIiC54/74HC4538 


J SUFFIX 
CERAMIC 
CASE 620-09 


N SUFFIX 
PLASTIC 
CASE 648-08 


ORDERING INFORMATION 


MC74HCXXXXN Plastic 
MC54HCXXXXJ Ceramic 


Ta = —55° to 125°C for all packages. 
Dimensions in Chapter 6. 









PIN ASSIGNMENT 







Cy 1Ry1 [] 2 
RESET 1[] 3 
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MAXIMUM RATINGS* 


[Symbol] Parameter ————SSSSdSSCaloe i 
| lin [OC input Current, per Pin—A,B, Reset | +20 
in| BC put Curent per Pa=Gy/Ryy ao 
out | BC Output Curent par Pas 
mie 














Icc | DC Supply Current, Vcc and GND Pins 
| Pp | Power Dissipation in Still Air, Plastic or Ceramic DIPt 


Storage Temperature —65 to +150 


TL Lead Temperature, 1 mm from Case for 10 Seconds 
260 
300 


(Plastic DIP) 
(Ceramic DIP) 
*Maximum Ratings are those values beyond which damage to the device may occur. 
Functional operation should be restricted to the Recommended Operating Conditions. 
tDerating — Plastic DIP: — 10 mW/°C from 65° to 125°C 
Ceramic DIP: — 10 mW/°C from 100° to 125°C 
For high frequency or heavy load considerations, see Chapter 4. 












RECOMMENDED OPERATING CONDITIONS 


| Symbol| Parameter 


tr, ts | Input Rise and Fall Time— Reset 
(Figure 5) 
A or B (Figure 5) no limit | 
External Timing Resistor Vec<4.5V| 10 
Vec24.5V| 2.0 


Rx 
External Timing Capacitor | oo | 


*The maximum allowable values of Rx and Cx are a function of the leakage of capacitor Cx, the 
leakage of the HC4538, and leakage due to board layout and surface resistance. For most applications, 
Cx/R x should be limited to a maximum value of 10 »F/1 MQ. Values of Cx >1.0 »F may cause a 
problem during power down (see Power-Down Considerations). Susceptibility to externally induced 
noise signals may occur for Rx >1 MQ. 
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MOTOROLA HIGH-SPEED CMOS LOGIC DATA 


This device contains protection 
circuitry to guard against damage 
due to high static voltages or electric 
fields. However, precautions must 
be taken to avoid applications of any 
voltage higher than maximum rated 
voltages to this high-impedance 


circuit. For proper operation, Vin and 
Vout should be constrained to the 
range GND s(Vjn or Vout) =Vecc: 

Unused inputs must always be tied 
to an appropriate logic voltage level 
(e.g., either GND or Vcc). Unused 
outputs must be left open. 








MC54/74HC4538 


DC ELECTRICAL CHARACTERISTICS (Voltages Referenced to GND) 


Minimum High-Level Input 
Voltage 


Maximum Low-Level Input 


Guaranteed Limit 


° 
YF pelos [owe 


ae 


Test Conditions 


Vout =0.1 V or Vcc -0.1 V 


Hout! S20 nA i ie 


Vout =0.1 V or Vcc —-0.1 V 


Voltage 


Minimum High-Level Output 
Voltage 


Maximum Low-Level Output 
Voltage 


Maximum Quiescent Supply 
Current (per Package) 
Standby State 


Maximum Supply Current 


(per Package) 
Active State 


Hout] $20 nA 


Vin=VIH oF VIL 
lout] $20 pA 


Vin=VIH oF VIL 


Vin =VIH or VIL 
lout| $20 nA 


Vin=VIH OF ViL 


Vin=Vcc or GND 
Q1 and Q2=Low 
lout =9 HA 
Vin=Vcc or GND 
Q1 and Q2=High 
lout =9 vA 


lloutl $4.0 mA 


Hout! =<=4.0 mA 
llout| $5.2 mA 


Pins 2 and 14=0.5 Vcc 





NOTE: Information on typical parametric values can be found in Chapter 4. 


AC ELECTRICAL CHARACTERISTICS (C; =50 pF, Input t,=ts=6 ns) 






NOTES: 
1. For propagation delays with loads other than 50 pF, see Chapter 4. 
2. Information on typical parametric values can be found in Chapter 4. 


(Figures 4 and 6) 


(Figures 4 and 6) 


(Figures 5 and 6) 


(Figures 5 and 6) 


(Figures 5 and 6) 


Parameter 


Maximum Propagation Delay, Input A or B to 0 


Maximum Propagation Delay, Input A or B to O 


Maximum Propagation Delay, Reset to Q 


Maximum Propagation Delay, Reset to 0 


Maximum Output Transition Time, Any Output 


Power Dissipation Capacitance (Per Multivibrator) 
Used to determine the no-load dynamic power consumption: 


Pp=Cpp Vcc*F+Icc Vcc 


For load considerations, see Chapter 4. 
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TIMING REQUIREMENTS (input t,=t¢=6 ns) 


| : | Guaranteed Limit Limit 
Symbol . .- Parameter 


Minimum Recovery Time, Reset Inactive toAorB 
(Figure 5) 


Minimum Pulse Width, Input A or Bo 
(Figure 4) 


Minimum Pulse Width, Reset 
(Figure 5) 


Maximum Input Rise and Fall Times, Reset 
(Figure 5) 


AorB : 
(Figure 5) . No Limit 





NOTE: Information on typical parametric values can be found in Chapter 4. 


OUTPUT PULSE WIDTH CHARACTERISTICS (C, =50 iim 


Temperature 
Parameter Voc |__25°C __|-40° to 85°C| ~ 85° to 125°C 
Timing Components V 


Output Pulse Width* Rx = 10 kQ, Cx =0.1 pF 
(Figures 4 and 6) 

Pulse Width Match Between Circuits i in 

the Same Package 

Pulse Width Match Variation (Part to Part) ne eee 


*For output pulse widths greater than 100 us, typically 7=kRyCx, where the value of k may be found in Figure 1. 








k, OUTPUT PULSE WIDTH CONSTANT (TYPICAL) 





Voc, POWER SUPPLY VOLTAGE (VOLTS) 


_ Figure 1. Typical Output Pulse Width Constant, k, 
versus Supply Voitage - 
(For output pulse widths =100 ys: 7= kRyCx) 
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Figure 2. Output Pulse Width vs. Timing Capacitance 
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POWER SUPPLY VOLTAGE, Vcc (V) 


Figure 3. Normalized Output Pulse Width 


versus Power Supply Voltage 
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SWITCHING WAVEFORMS | 


——— ty(H) 

———" Vee 
A 50% 
| GND 

twiL) 
Vec 

B 

—— GND 

tPLH T 

0 








Figure 4 








—— Vec 
GND 
ter 
. Vec 
B 50% 
—— GND 
tf t, 
Vec 
90 
RESET r] 50% . * 
1» | — GND 
twiL) trec 
tTLH : T+ tr 
PHL P| 
0 90% 50% | 50% (RETRIGGERED PULSE) 
10% 
tTHL tPLH 
_ 90% 
0 10% 50% 
Figure 5 


TEST POINT 










DEVICE 
UNDER 
TEST 







* Includes all probe and jig capacitance. 


Figure 6. Test Circuit 
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PIN DESCRIPTIONS 


INPUTS 


A1, A2 (PINS 4, 12) — Positive-edge trigger inputs. A rising- 
edge signal on either of these pins triggers the corresponding 
multivibrator when there is a high level on the B1 or B2 input. 

B1, B2 (PINS 5, 11) — Negative-edge trigger inputs. A 
falling-edge signal on either of these pins triggers the corre- 

‘sponding multivibrator when there is a low level on the A1 or 
A2 input. 

RESET 1, RESET 2 (PINS 3, 13) — Reset inputs (active 
low). When a low level is applied to one of these pins, the 0 
output of the corresponding multivibrator is reset to a low level 
and the Q output is set to a high level. 

Cx1/Rx1 and Cx2/Rx2 (PINS 2 and 14) — External timing 
components. These pins are tied to the common points of the 
external timing resistors and capacitors (see the Block Dia- 
gram). Polystyrene capacitors are recommended for optimum 


pulse width control. Electrolytic capacitors are not recom- 
mended due to high leakages associated with these type 
capacitors. 

GND (PINS 1 and 15) — External ground. The external 
timing capacitors discharge to ground through these pins. 


OUTPUTS 


Q1, Q2 (PINS 6, 10) — Noninverted monostable outputs. 
These pins (normally low) pulse high when the multivibrator 
is triggered at either the A or the B input. The width of the 
pulse is determined by the external timing components, Rx 
and Cx. 

Q1, Q2 (PINS 7, 9) — Inverted monostable outputs. These 
pins (normally high) pulse low when the multivibrator is trig- 
gered at either the A or the B input. These outputs are the 
inverse of Q1 and Q2. 


LOGIC DETAIL 
(% the Device) 





| LOWER REFERENCE 


| CIRCUIT 





" TRIGGER-CONTROL 
; CIRCUIT 
: j 
s—d >) Do-d>r [> aah 
1 OC 
] 
| 
| 
Me a a ee 


RESET 


UPPER REFERENCE 
I CIRCUIT | 


Rap a cenccereieeata ae en 1 
| | 









aaae Sod) Se -> a 


TRIGGER-CONTROL 
RESET CIRCUIT 


Figure 7 
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CIRCUIT OPERATION 


Figure 10 shows the HC4538 configured in the retriggerable 
mode. Briefly, the device operates as follows (refer to Fig- 
ure 7): In the quiescent state, the external timing capacitor, 
Cx, is charged to Vcc. When a trigger occurs, the OQ output 
goes high and Cx discharges quickly to the lower reference 
voltage (Vref Lower=1/3 Vcc). Cx then charges, through 
Rx, back up to the upper reference voltage (Vref Upper ~ 
2/3 Vcc), at which point the one-shot has timed out and the 
Q output goes low. 

The following, more detailed description of the circuit op- 
eration refers to both the logic detail (Figure 7) and the timing 
diagram (Figure 8). 


QUIESCENT STATE 


In the quiescent state, before an input trigger appears, the 
output latch is high and the reset latch is high (#1 in Fig- 
ure 8). Thus the Q output (pin 6 or 10) of the monostable 
multivibrator is low (#2, Figure 8). 

The output of the trigger-control circuit is low (#3), and 
transistors M1, M2, and M3 are turned off. The external timing 
capacitor, Cx, is charged to Vcc (#4), and the upper reference 
circuit has a low output (#5). Transistor M4 is turned on and 


QUIESCENT TRIGGER CYCLE 
STATE (A INPUT) 





TRIGGER CYCLE 
(B INPUT) 





transmission gate T1 is turned off. Thus the lower reference 
circuit has Vcc at the noninverting input and a resulting low 
output (#6). 

In addition, the output of the trigger-control reset circuit is 
low. 


TRIGGER OPERATION 


The HC4538 is triggered by either a rising-edge signal at 
input A (#7) or a falling-edge signal at input B (#8), with the 
unused trigger input and the Reset input held at the voltage 
levels shown in the Function Table. Either trigger signal will 
cause the output of the trigger-control circuit to go high (#9). 

The trigger-control circuit going high simultaneously initiates 
three events. First, the output latch goes low, thus taking the 
Q output of the HC4538 to a high state (#10). Second, tran- 
sistor M3 is turned on, which allows the external timing ca- 
pacitor, Cx, to rapidly discharge toward ground (#11). (Note 
that the voltage across Cx appears at the input of the upper 
reference circuit comparator). Third, transistor M4 is turned 
off and transmission gate T1 is turned on, thus allowing the 
voltage across Cx to also appear at the input of the lower 
reference circuit comparator. 





RETRIGGER 


TRIGGER INPUT A 
(PIN 4 OR a a | | (| 
TRIGGER INPUT B a [a 
(PIN 5 OR 11) 


TRIGGER-CONTROL GB) 


CIRCUIT OUTPUT 


Rylcx INPUT a 
(PIN 2 OR 14) Re, “SS Vref UPPER : 


Vret LOWER“"(@3) 
UPPER REFERENCE 
orcut__ © | 
@ 


LOWER REFERENCE | 
CIRCUIT © 


Qs) 


RESET INPUT 
(PIN 3 OR 13) @] | 


@ 


RESET LATCH | @| | 


Q OUTPUT Q) 


(PIN 6 OR 10) 


Sine 


<— 7+ try —>| 


Figure 8. Timing Diagram 


MOTOROLA HIGH-SPEED CMOS LOGIC DATA 


5-546 








MC54/74H C4538 


When Cx discharges to the reference voltage of the lower 
reference circuit (#12), the outputs of both reference circuits 
will be high (#13). The trigger-control reset circuit goes high, 
resetting the trigger-control circuit flip-flop to a low state (#14). 
This turns transistor M3 off again, allowing Cx to begin to 
charge back up toward Vcc, with a time constant t=RxCx 
(#15). In addition, transistor M4 is turned on and transmission 
gate T1 is turned off. Thus a high voltage level is applied to 
the input of the lower reference circuit comparator, causing 
its output to go low (#16). The monostable multivibrator may 
be retriggered at any time after the trigger-control circuit goes 
low. 

When Cx charges up to the reference voltage of the upper 
reference circuit (#17), the output of the upper reference circuit 
goes low (#18). This causes the output latch to toggle, taking 
the Q output of the HC4538 to a low state (#19), and completing 
the time-out cycle. 


POWER-DOWN CONSIDERATIONS 


Large values of Cx may cause problems when powering 
down the HC4538 because of the amount of energy stored in 
the capacitor. When a system containing this device is pow- 
ered down, the capacitor may discharge from Vcc through 
the input protection diodes at pin 2 or pin 14. Current through 
the protection diodes must be limited to 30 mA; therefore, the 
turn-off time of the Vcc power supply must not be faster than 
t=VcceCx/(30 mA). For example, if Vcc =5 V and Cx= 
15 uF, the Vcc supply must turn off no faster than t= (5 V)-« 
(15 w»F)/30 mA =2.5 ms. This is usually not a problem because 
power supplies are heavily filtered and cannot discharge at 
this rate. 


When a more rapid decrease of Vcc to zero volts occurs, 
the HC4538 may sustain damage. To avoid this possibility, use 
an external damping diode, Dx, connected as shown in Fig- 
ure 9. Best results can be achieved if diode Dx is chosen to 
be a germanium or Schottky type diode able to withstand large 
current surges. 


RESET OPERATION 


A low voltage applied to the Reset pin always forces the Q 
output of the HC4538 to a low state. 

The timing diagram illustrates the case in which reset occurs 
(#20) while Cx is charging up toward the reference voltage of 
the upper reference circuit (#21). When a reset occurs, the 
output of the reset latch goes low (#22), turning on transistor 
M1. Thus Cx is allowed to quickly charge up to Vcc (#23) to 
await the next trigger signal. 


RETRIGGER OPERATION 


When used in the retriggerable mode (Figure 10), the 
HC4538 may be retriggered during timing out of the output 
pulse at any time after the trigger-control circuit flip-flop has 
been reset (#24). Because the trigger-control circuit flip-flop 
resets shortly after Cx has discharged to the reference voltage 
of the lower reference circuit (#25), the minimum retrigger 
time, tre (Figure 5) is a function of internal propagation delays 
and the discharge time of Cx. 


Figure 11 shows the device configured in the nonretrigger- 
able mode. 





RESET 


Figure 9. Discharge Protection During Power Down 
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TYPICAL APPLICATIONS — 








RISING-EDGE RISING-EDGE 
TRIGGER TRIGGER 
RESET =Vec 
Cx Ry 
Vcc 
Q 
a 
FALLING-EDGE FALLING-EDGE 
TRIGGER TRIGGER 


RESET =Vec 





Figure 10. Retriggerable Monostable Circuitry Figure 11. Nonretriggerable Monostable Circuitry 


ONE-SHOT SELECTION GUIDE 


100°ns 1 ws 10 ws 100ps 1ms 10 ms 100ms 1s 10s 
MiC14528B 
MC14536B 
MC 14538B 
MC14541B 
MC 14548B 
HC4538 * 





*Limited operating voltage (2-6 V) 
TOTAL OUTPUT PULSE WIDTH RANGE <{——__—_—_—__»>- 
RECOMMENDED PULSE WIDTH RANGE ><——---—X 





Figure 12. Elimination of Output Pulse Width 
During Power-Up 
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MOTOROLA 


a SEMICONDUC — 


MC54/74HC 7266 


TECHNICAL DATA 


Quad 2-Input Exclusive 


NOR Gate 
High-Performance Silicon-Gate CMOS 


The MC54/74HC7266 is identical in pinout to the LS266 and the HC266. The 
HC7266 has standard CMOS outputs instead of open-drain outputs. 

The device inputs are compatible with standard CMOS outputs; with pullup resis- 
tors, they are compatible with LSTTL outputs. 
Output Drive Capability: 10 LSTTL Loads 
Outputs Directly Interface to CMOS, NMOS, and TTL 
Operating Voltage Range: 2 to 6 V 
Low Input Current: 1 pA 
High Noise Immunity Characteristic of CMOS Devices 
In Compliance with the Requirements Defined by JEDEC Standard No. 7A 
Chip Complexity: 56 FETs or 14 Equivalent Gates 


J SUFFIX 
CERAMIC 
CASE 632-08 


N SUFFIX 
PLASTIC 
CASE 646-06 


D SUFFIX 
SOIC 
CASE 751A-02 


ORDERING INFORMATION 


MC74HCXXXXN 
MC54HCXXXXJ 
MC74HCXXXXD 


Plastic 
Ceramic 
SOoIc 


Ta = —55° to 125°C for all packages. 
Dimensions in Chapter 6. 





LOGIC DIAGRAM 
PIN ASSIGNMENT 


Al 
Bi 


Y1 


o ia BRO f— 
+ ww 


A2 Y2 Y=A@B 
B2 =AB+A8B 
8 
A3 ; 10 ¥3 
B3 
A4 12 11 v4 
p4 —3 
PIN 14=Vec 
PIN 7 =GND 
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MC54/74HC7266 — 


MAXIMUM RATINGS* 


a 
[tin [DC input Current, per Pin mA 
ee "per Pi 125 =r 














This device contains protection 
circuitry to guard against damage 
due to high static voltages or electric 
fields. However, precautions must 
be taken to avoid applications of any 
voltage higher than maximum rated 
voltages to this high-impedance 


DC Output Current, per Pin | mA | 
DC Supply Current, Voc and GND Pins 


Power Dissipation in Still Air, Plastic or Ceramic DIPT 750 mw 
SOIC Packaget - 500— 
to +1 


Storage Temperature —65 50 


Lead Temperature, 1 mm from Case for 10 Seconds 


(Plastic DIP or SOIC Package) 
(Ceramic DIP) 
* Maximum Ratings are those values beyond which damage to the device may occur. 
Functional operation should be restricted to the Recommended Operating Conditions. 
tDerating — Plastic DIP: — 10 mW/°C from 65° to 125°C 
Ceramic DIP: — 10 mW/°C from 100° to 125°C 
SOIC Package: —7 mW/°C from 65° to 125°C 
For high frequency or heavy load considerations, see Chapter 4. 


circuit. For proper operation, Vj, and 
Vout should be constrained to the 
range GND <(Vjn or Voyt) S$ Vcc: 

Unused inputs must always be tied 
to an appropriate logic voltage level 
(e.g., either GND or Vcc). Unused 
outputs must be left open. 










RECOMMENDED OPERATING CONDITIONS 


| Symbol| Parameter | Min. | Max | Unit _| 
| Vcc |DC Supply Voltage (Referenced toGND) | 2.0 | 6.0 | OV 


tr, te | Input Rise and Fall Time 
(Figure 1) 



















Test Conditions 





Minimum High-Level Input Vout =9.1 V or Voc —-0.1 V 
Voltage llout| $20 pA 















Maximum Low-Level Input 
Voltage 


Vout=0.1 V or Vec 0.1 V 
Houtl $20 pA 







Minimum High-Level Output 
| Voltage 


Vin = VIH oF VIL 
lout] $20 pA 


6.0 —~«669 5.9 5.9 

Vin = Vin or Vit \lout| $4.0 mA 3.98 3.84 3.70 

lout! =5.2 mA 5.48 5.34 5.20 
Vin=VIH or VIL 2.0 0.1 
Hlout| =20 pA 4.5 0.1 
6.0 0.1 

Vin=ViIH or VIL llout| $4.0 mA 0.26 0.40 

lloutl $5.2 mA 0.26 0.40 

Maximum Input Leakage Current | Vin =Vcc or GND | 60 | +01 | +10 | 41.0 | pA | 
2 0 pA 


Icc | Maximum Quiescent Supply Vin=Vcc or GND 2 
Current (per Package) lout =9 vA 


NOTE: Information on typical parametric values can be found in Chapter 4. 





























< 


Maximum Low-Level Output 
Voltage 
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MC54/74HC7266 


AC ELECTRICAL CHARACTERISTICS (C; =50 pF, Input t,=t¢=6 ns) 










7 | Guaranteed Limit Limit 
Maximum Propagation Delay, Input A or B to Output Y 2.0 oe 150 180 
(Figures 1 and 2) 4.5 - 36 
6.0 31 
Maximum Output Transition Time, Any Output 2.0 oh 
ae 


(Figures 1 and 2) 4.5 f 





Maximum Input Capacitance area ee all 


a x propagation delays with loads other than 50 pF, see Chapter 4. 
2. Information on typical parametric values can be found in Chapter 4. 


Power Dissipation Capacitance (Per Gate) Typical @ 25°C, Vcc =5.0 V 


Used to determine the no-load dynamic power consumption: 
Pp=Cpp Vcec2f+icc Vcc 33 
For load considerations, see Chapter 4. 


TEST POINT 


Ci 










OUTPUT 












DEVICE 
UNDER 


* 
TEST rl 


[ 


* Includes all probe and jig capacitance. 





Figure 1. Switching Waveforms Figure 2. Test Circuit 


LOGIC DETAIL 
(1/4 of Device) 








MOTOROLA HIGH-SPEED CMOS LOGIC DATA 





5-551 


MC54/74HC7266 


APPLICATION INFORMATION 


Bi @-L is defined as biphase-level code. Also known as indicates a logic zero; a negative-going transition indicates a 
Manchester Code, this technique utilizes binary phase shift logic one (see Figure 4). | 
keying (PSK). The Bi ¢-L output shown in Figure 3 carries NRZ-L shown in Figure 3 is non-return-to-zero level code. 
both data and synchronization information; therefore, separate This is simply serial data out of a shift register, such as the 
data and clock lines are not required to transfer information. HC597. 
A positive-going transition in the middle of the bit interval The Bi ¢-L signal must be phase coherent (i.e., no glitches). 


Therefore, NRZ-L and clock transitions must be coincident. 


vr 


HC7266 
NRZ-L 
BI o-L 
CLOCK 


Figure 3. Biphase-Level Encoder (Manchester Encoder) 


NRZ-L | 
CLOCK | | | | | | | | 
Bl @L | | | | | | 





POSITIVE 
1 
LOGIC DATA | | . | | | : | : 
| | | | | 
‘recor NT SERGE 
BIT 
INTERVAL 


Figure 4. Timing Diagram 
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PACKAGE DIMENSIONS 


The packaging availability for each device is indicated on the individual data sheets. Dimensions for the packages are given in 
this section. 








14-PIN PACKAGES 


J SUFFIX 
CERAMIC 
CASE 632-08 











J 14 PL 


A® 









3.18 | 4.31 ; 0.170 





NOTES: 3. DIMENSION L TO CENTER OF LEAD WHEN 
1. DIMENSIONING AND TOLERANCING PER ANSI . FORMED PARALLEL. 
Y14.5M, 1982. 4. DIM F MAY NARROW TO 0.76 (0.030) WHERE THE pe fe fo | ie 
2. CONTROLLING DIMENSION: INCH. LEAD ENTERS THE CERAMIC BODY. 051 | 1.01 0.040 
N SUFFIX 
PLASTIC 
CASE 646-06 









[ MILLIMETERS | INCHES | 
| MIN | MAX | MIN | MAX | 
A | 18.16 | 19.56 | 0.715 | 0.770_| 
| 6.10 | 6.60 | 0.240 | 0.260 | 
| c | 369 | 469 | 0.145 | 0.185 
| bd | 0.38 | 053 | 0.015 | 0.021 
| F | 1.02 | 1.78 | 0.040 | 0.070 | 
|G [| 254BSc_ | 0.100 BSC__ 















o Re: 


wb —eh-_|. a 





NOTES: YH | 132 | 241 | 0.052 | 0,095 
1, LEADS WITHIN 0.13 mm (0.005) RADIUS OF TRUE 3. DIMENSION “B” DOES NOT INCLUDE MOLD 0.008 | 0.015 
POSITION AT SEATING PLANE AT MAXIMUM FLASH. | K | 292 | 343 | 0.115 | 0.135 | 


MATERIAL CONDITION. 4. ROUNDED CORNERS OPTIONAL: AS SHOWN IN 7.62 BSC 0.300 BSC 
2. DIMENSION “L” TO CENTER OF LEADS WHEN PREVIOUS ISSUE. [mM | o | w | oF | 10 | 
FORMED PARALLEL. | N | 039 | 1,01 | 0.015 | 0.039 
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PACKAGE DIMENSIONS 








14-PIN PACKAGES 


at me i ae © ieee ee 8 a 

Oe oe a 

1 8 
2] | 

@) 7 
ia 

Ei Porson 


4 


D SUFFIX 
SOIC 
CASE 751A-02 


[| 0.25 (0.010) ® [B® 


7 PL 





Gk 


>| r ae xR x 455 
a esse | in SFA 
D>||<wa poe Nae p—»! Lbs 
+] 0.25 (0.010) ®[t[B ©la © | 


+] f | 


NOTES: 
1. DIMENSIONS A AND B ARE DATUMS AND TIS A 
DATUM SURFACE. 

. DIMENSIONING AND TOLERANCING PER ANSI 
Y14.5M, 1982. 

. CONTROLLING DIMENSION: MILLIMETER. 

. DIMENSION A AND B DO NOT INCLUDE MOLD 
PROTRUSION. 

. MAXIMUM MOLD PROTRUSION 0.15 (0.006) 

PER SIDE. 


RO 


> Ww 


or 
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PACKAGE DIMENSIONS 





™ 16-PIN PACKAGES 


J SUFFIX 
CERAMIC 
CASE 620-09 









4] 0.25 (0.010) ® 
0.25 (0.010) @ 
NOTES: : 
1. DIMENSIONING AND TOLERANCING PER ANSI 
Y14.5M, 1982, 


2. CONTROLLING DIMENSION: INCH, 

3. DIMENSION L TO CENTER OF LEAD WHEN 
FORMED PARALLEL. 

4, DIM F MAY NARROW TO 0.76 (0.030) WHERE THE 
LEAD ENTERS THE CERAMIC BODY. 


N SUFFIX 
PLASTIC 
CASE 648-08 











SEATING 

PLANE iN 

" 

= M 
an j—- = head MILLIMETERS | INCHES | 
a | MIN | MAX | MIN | MAX | 
| A | 1880 | 1955 | 0.740 | 0.770 
0.25 (0.010) @ TB | 635 | 0.250 | 0.270 | 
NOTES: 





| D | 039 | 053 | 0.015 | 0.021 | 
F | 102 | 14.77 | 0.040 | 0.070_| 
|G | 254BsC_ | 0.100BSC__| 
| H | 127BSC__| 0.050 BSC_| 


1. DIMENSIONING AND TOLERANCING PER 
ANSI Y14.5M, 1982. 

2, CONTROLLING DIMENSION: INCH. 

3. DIMENSION “L” TO CENTER OF LEADS WHEN 
FORMED PARALLEL. 

4. DIMENSION “B” DOES NOT INCLUDE MOLD 
FLASH. 

§. ROUNDED CORNERS OPTIONAL. 
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PACKAGE DIMENSIONS 








16-PIN PACKAGES 
D SUFFIX 


SOIC 
CASE 751B-03 


2 






lea lom oni wa 


© y 
Oa © (aaa UU 
pa vee 1 mee eet leg meee pe 
C i | naan 
| PSSST be § SSH 
Le r—»| es 


PLANE 
D—>| |<—16 PL K 


0.25 (0.010) @|T/B OLA © MILLIMETERS INCHES 
| MIN | MAX | MIN | MAX | 


NOTES: 

1. DIMENSIONS A AND B ARE DATUMS AND TIS A 
DATUM SURFACE. 

2. DIMENSIONING AND TOLERANCING PER ANS! 
Y14.5M, 1982. 

3. CONTROLLING DIMENSION: MILLIMETER. 

4. DIMENSION A AND B DO NOT INCLUDE MOLD 
PROTRUSION. 

5. MAXIMUM MOLD PROTRUSION 0.15 (0.006) 
PER SIDE. 











DW SUFFIX 
SOIC 
CASE 751G-01 








— 1 oS, 
anh — It. 









is 





K 


head! MILLIMETERS | INCHES | 
| MIN | MAX | MIN | MAX | 







0.25 (0.0102) ®| T/8 ©la © A | 10.15 | 10.45 0.411 
hanes | B | 740 | 7.60 | 0.292 | 0.299 
1. DIMENSIONS A AND B ARE DATUMS AND TIS A | 26 F268 1 0083 J ocd 
DATUM SURFACE, : : 
2. DIMENSIONING AND TOLERANCING PER ANSI a a ae 
3 GNTliNe DIMENSION: MILLIMETER 
| K | 0.10 | 0.25 | 0.004 | 0.009 
4, DIMENSION A AND B DO NOT INCLUDE MOLD Da 
5 ae PROTRUSION 0.15 (0.006) | P | 10.05 | 10.55 | 0.395 | 0.416 
| ye YT 0.25 | 0.75 | 0.010 | 0.029 
PER SIDE. : : 
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PACKAGE DIMENSIONS 


20-PIN PACKAGES 


J SUFFIX 
CERAMIC 
CASE 732-03 








NOTES: 


oy ae uy ia bs al 





1, LEADS WITHIN 0.25 mm (0.010) DIA., TRUE 
POSITION AT SEATING PLANE, AT MAXIMUM 
MATERIAL CONDITION. 

2, DIM L TO CENTER OF LEADS WHEN FORMED 


PARALLEL. 


3. DIM A AND B INCLUDES MENISCUS. 


i 


NOTES: 


_N SUFFIX 
PLASTIC 
CASE 738-03 





Dar 4 0,25 (0.010) |T/B® | 
0.25 (0. [#]o2s001® |T]a® | [+1 0.25 (0.010)® [T]A® | a 


1, DIMENSIONING AND TOLERANCING PER ANSI 


Y14,5M, 1982. 


2. CONTROLLING DIMENSION: INCH. 

3, DIMENSION “L” TO CENTER OF LEAD WHEN 
FORMED PARALLEL. 

4, DIMENSION “B” DOES NOT INCLUDE MOLD 


FLASH. 

















ow ES nt ea 

TA | 23.88 | 26.15 | 0.940 | 0.990 

|B {| 660 | 7.49 | 0.260 | 0,295 | 
| 3.81 | 5.08 | 


| D | 0.38 | 056 | 0.015 | 0,022 | 
Etat 18s | 066.086 | 
|G | 254BSC_ | 0.100BSC__| 
(427 | 0.020 | 0.050 

0.30 | 0.008 | 0.012 

4.06 | 0.125 | 0.160_| 
TM {| o | ts | of | ie 
LN | 0.25 [| 1.02 | 0.010 | 0.040 | 












| MILLIMETERS | INCHES | 

| MIN | MAX | MIN 

| A | 25.66 | 27.17 | 1.010 | 1.070 | 
| 6.10 | 6.60 | 0.240 | 0.260_| 


| C¢ | 381 | 457 | 0.150 | 0.180_| 
| D | 039 | 085 | 0.015 | 0.022 | 
| E | 1278SC__| _0.050BSC__ 
LAL) 2) nse 2070 070 













Te | 2saasc | o.100Bsc_| 
Eo o2t| 

«290 [355 | 0.110 | 0.140 | 
PM {| o [| te | o | ie 
| N | 051 | 1.01 | 0.020 | 0.040_| 
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PACKAGE DIMENSIONS 





20-PIN PACKAGES 





DW SUFFIX 
SOIC 
CASE 751D-03 


. 


, 


| 10 PL 


As a 








ub C SEATING } 
D >| +20 PL el Am p=) [ty 
0.25 (0.010) @ 
NOTES: 
1. DIMENSIONS A AND B ARE DATUMS AND TIS A 
DATUM SURFACE. 
2. DIMENSIONING AND TOLERANCING PER ANSI 
Y14.5M, 1982. 


ww 


. CONTROLLING DIMENSION: MILLIMETER. 

. DIMENSION A AND B DO NOT INCLUDE MOLD 
PROTRUSION. 

. MAXIMUM MOLD PROTRUSION 0.15 (0.006) 
PER SIDE. 


> 


or 
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PACKAGE DIMENSIONS 








24-PIN PACKAGES 


J SUFFIX 
CERAMIC 
CASE 758-01 





INSIDE OF LEADS 


NOTES: | 

1, DIMENSION A IS DATUM. 

2. POSITIONAL TOLERANCE FOR LEADS: 24 PLACES 

3, IS SEATING PLANE, 

4. DIMENSION L TO CENTER OF LEADS WHEN 
FORMED PARALLEL. 

5. DIMENSIONING AND TOLERANCING PER ANSI 
Y14.5, 1973. 10.16 | 0.360 | 0.400 





N SUFFIX 
PLASTIC 
CASE 724-03 






\ ! mane | re 
D 
—-|glL— 
SEATING PLANE 
NOTES: 
1. LEADS, TRUE POSITIONED WITHIN 0.25 mm (0.010) 
DIA AT SEATING PLANE AT MAXIMUM MATERIAL 


CONDITION (DIM D), 
2. CHAMFERRED CONTOUR OPTIONAL. 
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